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EXPRESSION OF EXOGENOUS POLYNUCLEOTIDE 
SEQUENCES IM A VERTEBRATE 

mmmowm of the xiwem^ q^ 

The present invention relate® t© introduction of naked 
sad m& sequences into a vertebrate to achieve 
controlled expression of a polypeptide. St is useful in 
gene therapy, vaccination, and any therapeutic situation in 
which a polypeptide should h® administ®red to ©©lis in vivo. 

Current research in g®ne therapy has focussd on 
•"permanent"* cures, in ^hich DMA is integrated into the 
genome of the patient, viral vectors are presently the most 
frequently used means for transforming the patient's cells 
15 and introducing ©MA into the genome. In an indirect method, 
viral vectors, carrying new gsnatie information, ar© used to 
infect target cells removed from the body, and these cells 
are then re-implanted. Direct in vivo g©n® transfer into 
postnatal animals has been reported for formulations of Dm 
20 encapsulated in liposomes and ©ma ®ntrapp©d in 
proteoliposomes containing viral envelope receptor proteins 
(Nicolau at al., prog, jjjfi&L, &ead Sefl Hgft 80s 1068=1072 
(1983)? Kaneda et al., gssjmsm 343*375=378 (1989)? Kiannino 
et fltaftMfrirtgues 6 §682=690 C1988)„ Positive results 

25 have also been described with calcium phosphate co- 
precipitated DMA (Benv®nisty and Reshef Proc. mai. z™* ffff « 
HS& 83 §9551=9555 (1986)). 

The clinical application of gen© therapy, as well as 
the utilisation of recombinant retrovirus vectors, has been 
30 delayed because ©f safety considerations . Integration of 
exogenous ©MA into the genome of a call ©an ©aus® ©MA 
damag® and possible g®n®tie changes in the recipient ©ell 
that could predispose to malignancy. A method which avoids 
these potential problems would lb® of significant benefit in 
35 making g©ne therapy safe and ©ffectiv®. 

Vaccination with immunogenic proteins has eliminated 
or reduced the Incidence of many diseases? however there 
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are major difficulties in using proteins associated with 
other pathogens and disease states as immunogens. ESany 
protein antigens are not intrinsically immunogenic. More 
often, they are not effective as vaccines because of the 
S aanner in which the immune system operates., 

She immune system of vertebrates consists of several 
interacting components. She best characterised and most 
isaportant parts are the humeral and cellular (cytolytic) 
branches. Humoral immunity involves antibodies, proteins 
10 which are secreted into the body fluids and which directly 
recognise an antigen. She cellular system, in contrast, 
relies on special cells which recognise and kill other 
cells which are producing foreign antigens. Shis basic 
functional division reflects two different strategies of 
15 immune defense. Humoral immunity is mainly directed at 
antigens which are exogenous to the animal whereas the 
cellular system responds to antigens which are actively 
synthesized within the animal. 

Antibody molecules, the effectors ©f humoral immunity, 
20 are secreted by special B lymphoid cells, 3 cells, in 
response to antigen. Antibodies can bind to and inactivate 
antigen directly (neutralising antibodies) or activate other 
cells of the immune system to destroy the antigen. 

Cellular immune recognition is mediated by a special 
25 class of lymphoid cells, the cytotoxic S cells. Shese 
cells do not recognise whole antigens but instead they 
respond to degraded peptide fragments thereof which appear 
on the surface of the target cell bound to proteins called 
class i major histocompatibility complex (fflc) molecules. 
30 Essentially all nucleated cells have class I molecules, it 
is believed that proteins produced within the cell are 
continually degraded to peptides as part of normal cellular 
metabolism. Shese fragments are bound to the mc molecules 
and are transported to the cell surface, shus the cellular 
35 iaaun© system is constantly monitoring the spectra ©f 
proteins produced in all cells in the body and is poised to 
eliminate any cells producing foreign antigens. 
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Vaccination is the process of preparing an animal to 
respond to an antigen. Vaccination is mere complex than 
immune recognition and involves not only s cells and 
cytotoxic T cells but other types of lymphoid cells as 
5 well. During vaccination, sells which recognize the 
antigen (S cells or cytotoxic T cells) are clonally 
expanded, in addition, the population of ancillary cells 
(helper T cells) specific for the antigen also increase. 
Vaccination also involves specialised antigen presenting 
10 cells which can process the antigen and display it in a 
form which can stimulate ©n® ©f the two pathways „ 

Vaccination has changed little since the time of z^uis 
Pasteur. & foreign antigen is introduced into an animal 
where it activates specific S cells by binding te surface 
immunoglobulins, it is also taken up by antigen processing 
cells, wherein it is degraded, and appears in fragments on 
the surface of these cells bound to Class XI mc molecules. 
Peptides bound to class 21 molecules are capable of 
stimulating the helper class of t cells. ®©th helper 2 
cells and activated B cells are required to produce active 
humoral immunisation. Cellular immunity is thought to be 
stimulated by a similar but poorly understood mechanism. 

Thus two different and distinct pathways ©f antigen 
processing produce exogenous antigens bound te class 21 VMQ 
molecules where they can stimulate T helper cells, as well 
as endogenous proteins degraded and bound to class 2 mc 
molecules and recognised by the cytotoxic class of T cells. 

There is little or no difference in the distribution 
30 of mc molecules. Essentially all nucleated cells express 
class 2 molecules whereas class 22 mc proteins are 
restricted t© some few types of lymphoid cells. 

EJormal vaccination schemes will always produce a 
humoral immune response. They may also provide cytotoxic 
35 immunity. The humoral system protects a vaccinated 
individual from subsequent challenge from a pathogen and 
can prevent the spread of an intracellular infection if the 
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pathogen goes through an extracellular phas® during its 
lif® ©yd®? howsver, it can do relatively little fco 
eliainat® intracellular pathogens. Cytotoxic iaaunity 
ceapleaents the huaoral ©ystea toy eliainating the infected 
5 cells. Thus effective vaccination should activate both 
types of iaaunity. 

& cytotoxic T cell response is necessary to reaove 
intracellular pathogens such as viruses as well as 
aalignant ©ells. it has proven difficult to present an 

10 exogenously adainistered antigen in adequate concentrations 
in conjunction with elass 1 aoleeules to assure an adequate 
response* Shis has severely hindered the developaent of 
vaccines against tuaor-speeif ic antigens (e.g. „ on breast or 
colon cancer cells), and against wsakly iaaunogenic viral 

15 proteins (e.g., HIV, Herpes, non-A, non=B hepatitis, and 



It would be desirable to provide a cellular isaune 
response alone in iaaunising against agents such as viruses 
for which antibodies have been shown to enhance 

20 infeetivity. it would also be useful to provide such a 
response against both chronic and latent viral infections 
and against aalignant cells. 

She use of synthetic peptide vaccines does not solve 
these probleas because either the peptides do not readily 

25 associate with histocoapatibility aoleeules, have a short 
serua half -life, are rapidly proteolysed, or do not 
specifically localise to antigen-presenting aonocytes and 
Macrophages. M. best, all exogenously adainistered 
antigens aust eoapete with the universe @f self-proteins 

30 for binding to antigen-presenting aacrophages. 

ESajor efforts have been aounted to elicit iaaune 
responses to poorly iaaunogenic viral proteins froa the 
herpes viruses, nen°&, non-3 hepatitis, WZW, and the like. 
These pathogens are difficult and hazardous to propagate la 

35 vitro. as aentioned above, synthetic peptide vaccine® 
corresponding to viral-encoded proteins have been aade, but 
have severe pitfalls. Atteapts have also been aade to us© 
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vaccinia virus vectors to express proteins from other 
viruses. However, the results have been disappointing, 
since (a) recombinant vaccinia viruses may be rapidly 
eliminated fr©m the ©ir©ulati@n in already immune 
5 individuals, and (b) the administration @f complex viral 
antigens may indue® a phenomenon Isn©wn as "antigenic 
competition n in which weakly immunogenic p©rti@ns @f the 
virus fail t© elicit an immune response because they are 
out-competed by ©ther m©r@ patent r®gi@n@ @f tne 
10 administered antigen . 

another maj©r problem with protein @r peptide vaccines 
is anaphylactic reaction which ©an occur when injeeti@ns ©2 
antigen are repeated in efforts t© produce a potent immune 
response, xn this phenomenon, 2gs antibodies formed in 
15 response to the antigen cause severe and sometimes fatal 
allergic reactions <, 

Accordingly, there is a need for a method for invoking 
a safe and effective immune response to this type ©f 
protein or polypeptide,, Moreover, there is a great need 
for a method that will ass©ciate these antigens with eiass 
X histocompatibility antigens on the ©ell surface to elicit 
a cytotoxic T ©ell response, avoid anaphylaxis and 
proteolysis ©f the material in the serum, and facilitate 
localisation of the material to monocytes and macrophages, 

& larg® number ©f di@®as® states ©an benefit from the 
administration ©f therapeutic peptides, sueh peptides 
include lymphekines, such as interleulcin-a, tumor necrosis 
factor, and the interferons? growth factors, sue© as nerve 
growth factor, epidermal growth factor, and human growth 
30 hormone? tissue plasminogen activator? factor VXXXsC; 
granulocyte-macrophage ©©l©ny~stiwuilating fa©t@r? 
srythrepoietim insulin? ©aleitenin? thymidine Jsinas®?. and 
the like, Koreever, selective delivery @f t@xi© peptides 
(such as riein, diphtheria toxin, or ©obra venom factor) t© 
35 diseased ©r neeplastie ©ells @an have maj©r therapeutic 
benefits, Current peptide delivery systems suffer fr©m 
significant problems, including the inability to 
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efffeetively incorporate functional e©ll surface receptors 
onto cell membranes, and the necessity of systeaically 
administering large guantities of the peptide (with 
resultant undesirable systemic ©id® effects) in order to 
5 deliver a therapeutic aaeunt of the peptide into or onto 
the target cell. 

■aSies© abov®~d®seribed probloas associated with g®n® 
therapy, iaaunissation, and delivery of therapeutic peptides 
to ©ells are addressed by the present invention,, 

10 mSmTVTJQK OF OUA^Wfifi 

Figure i eoaprises autoradiograas ©f ehroaatographie 
studies showing the egression of the S&T g®ne in aouse 
auseleo 

Figure 2 • eoaprises photomicrographs ©f ausele tissu® 
15 stained for beta-galactosidas® activity following injection 
with the pR£VLae=Z vector. 

Figure 3 presents data for luciferase activity in ausele 
following the injection of 0g£ueSg& a into muscle. 
Figure <S presents an autoradiogram of a Southern blot after 
20 analysis of extracts froa pSSVX^injeeted ausel®. 

Figure 5 eoaprises graphs showing antibody production in 
aice following the injection of a gene for an iaauncgenic 



Figur® 6 eoaprises graphs showing antibody production in 
25 aice following the injection of aouse cell® transfeeted 
with a gene for an immunogenic peptide, 

SISSTOY OF THE ]CWHOT»T^ Wf 

She present invention provides a aethed for delivering 
a pharaaceutieal or iaaunogenie polypeptide to the interior 

30 of a cell of a vert®brat® ia vivo, eoaprising the st@p of 
introducing a preparation eoaprising a pharaaeeutieally 
acceptable injectable carrier and a naked polynucleotide 
operatively coding for the polypeptide into the interstitial 
spae® of a tissue eoaprising the sell, whersby the naked 

35 polynucleotide is taken up into the interior ©f the cell and 
has an iaaunogenie or pharaacological effect on the 
vertebrate. Ms© provided is a method for introducing a 
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polynucleotide into susel© calls in vivo, ©©uprising th® 
steps ©f providing a eojapositisn comprising a naked 
polynucleotide in a pharmaceutical^ acceptable carrier, and 
contacting the eempositian with muscle tissue of a 
5 vertebrate in vivo, whereby th® polynucleotide is introduced 
into musel® sell® of th© tissu®. a® polynucleotide may be 
an antigens© polynucleotide . Alternatively, tae 
polynucleotide say e@d® for a therapeutic peptide that is 
esspressed by ta® ausel® cells after th® contacting step to 
10 provide therapy to the vertebrate. Similarly, it say code 
for an immunogenic peptide taat is expressed by the muscle 
cells after the contacting step and which generates an 
immune response, thereby immunising the vertebrate. 

On® particularly attractive aspect of the invention is 
15 a method for obtaining long term administration of a 
polypeptide to a vertebrate, comprising the step of 
introducing a naked m& sequence operatively coding for the 
polypeptide interstitially into tissue of the vertebrate, 
wher®by cells of the tissue produce ta® polypeptide for at 
20 least one month or at least 3 Heaths, more preferably at 
least 6 months. in this embodiment ©f the invention, the 
cells producing the polypeptide are nonproliferating cells, 
such as muscle cells. 

Another method according t© the invention is a method 
25 for obtaining transitory expression of a polypeptide in a 
vertebrate, comprising the step of introducing a naked s8N& 
sequence operatively coding for the polypeptide 
interstitially into tissue of the vertebrate, whereby cells 
of the tissue produce the polypeptide far less than about 
30 20 days, usually less than about 1® days, and often l®ss 
than 3 ©r 5 days. For many of the methods ©f the 
invention, administration into solid tissue i® preferred. 

One important aspect ©f th® invention is a method for 
tr®atm®nt ©f muscular dystrophy, comprising th® steps @f 



35 



comprising a polynucleotide ©peratively coding for 
dystrophin in a pharaaceutically acceptable injectable 
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carrier in vivo into muscle tissue of an animal suffering 
from muscular dystrophy, whereby the polynucleotide is 
taken up into the cells and dystrophin is produced in vivo, 
Preferably, the polynucleotide is a naked polynucleotide 
5 and the composition is introduced interstitially into the 
muscle tissue. 

She present invention also includes pharmaceutical 
products for all of the uses contemplated in the methods 
described herein. 5?er ©sample, there is a pharmaceutical 
10 product, comprising naked polynucleotide, ©peratively 
coding for a biologically active polypeptide, in 
physiologically acceptable administrable form, in a 
container, and a notice associated with the container in 
form prescribed by a governmental agency regulating the 
15 manufacture, use, or sale of pharmaceuticals, which notice 
is reflective of approval by the agency of the form of the 
polynucleotide for human or veterinary administration. 
Such notice, for example, may be the labeling approved by 
the U.S. Food and Drug Administration for prescription 
20 drugs, or the approved product insert. 

In another embodiment, the invention provides a 
pharmaceutical product, comprising naked polynucleotide, 
operatively coding for a biologically active peptide, in 
solution in a physiologically acceptable injectable carrier 
25 and suitable for introduction interstitially into a tissue 
to cause cells of the tissue to express the polypeptide, a 
container enclosing the solution, and a notice associated 
with the container in form prescribed by a governmental 
agency regulating the manufacture, use, ©r sale of 
30 pharmaceuticals, which notice is reflective ©f approval by 
the agency of manufacture, use, ©r sale ©f the solution ©f 
polynucleotide for human or veterinary administratien. The 
peptide may be immunogenic and administration ©f the 
solution to a human may serve to vaccinate the human, or an 
35 animal. Similarly, the peptide may be therapeutic and 
administration of the solution to a vertebrate in need ©f 
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therapy relating t© the polypeptide will have a therapeutic 
effect- 

Also provided by the present invention is a 
pharmaceutical product, comprising naked antisense 
5 polynucleotide, in s©luti©n in a physi©l©gieally acceptable 
injectable carries and suitable for intr©dueti©n 
interstitially int© a tissue t© cause ©ells ©f the tissue 
to take up the polynucleotide and provide a therapeutic 
effect, a container ®nel©sing the solution, and a notice 

10 associated with the container in f©r® prescribed by a 
governmental agency regulating the saanufaetur®, use, ©r 
sale of pharmaceuticals, which notice is reflective ©f 
approval by the agency of manufacture, use, ©r sale ©f the 
solution ©f polynucleotide for human ©r veterinary 

15 administration o 

One particularly important aspect of the invention 
relates to a pharmaceutical product for treatment @f 
muscular dystrophy, comprising a sterile, pharmaceutical^ 
acceptable carrier, a pharmaceutical^ effective amount of 

20 a naked polynucleotide ©peratively coding for dystrophin in 
the carrier, and a container enclosing the ©asrrier and the 
polynucleotide in sterile fashion o 
Preferably, the polynucleotide is 0M&c 

From yet another perspective, the invention includes a 

25 pharmaceutical product for use in supplying a biologically 
active polypeptide t@ a vertebrate, eemprising a 
pharmaceutical^ effective amount ©f a naked pelynucleetide 
©peratively coding for the polypeptide, a container 
enclosing the carrier and the p©lynuele©tide in a sterile 

30 fashion, and means associated with the container for 
permitting transfer @f the p©lynuel®@tide from the 
container to the interstitial space ©f a tissue, whereby 
cells ©f the tissue can take up and express the 
polynucleotide . The means for permitting such transfer can 

35 include a conventional septum that can be penetrated, ®„g„ ff 
by a needleo Alternatively, when the container is a 
syringe, the means may be considered to 
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plunger of th® syring© or a n®edle attached to the syringe . 
Container® used in the present invention will casually have 
at least a, preferably at least 3 ©r 10, and sore 
preferably at least SO @r 100 micrograms of polynucleotide, 
5 to previa® ©n® or more unit dosages. For many 
applications, th© container will hav© at least soo 
micrograms ©r 1 Milligram, and often will contain at least 
§0 or 100 Milligrams of polynucleotide „ 

Another aspect ©f the invention provides a 
10 pharmaceutical produet for use in immunising a vertebrate, 
comprising a pharmaceutical^ effective amount ©f a naked 
polynucleotide ©peratively coding for an immunogenic 
polypeptide, a sealed container enclosing the 
polynucleotide in a sterile fashion, and means associated 
15 with th® container for permitting transfer of the 
polynucleotide from the container to th® interstitial space 
of a tissue, whereby cells of the tissue can take up and 
express th© polynucleotide = 

Still another aspect of th© present invention is th© 
20 us© of naked polynucleotide ©p©ratively coding for a 
physiologically active polypeptide in the preparation of a 
pharmaceutical for introduction interstitially into tissue 
to cause cells comprising the tissue to produce th® 
polypeptide. The pharmaceutical, for example, may be for 
25 introduction into muscle tissue whereby muscle cells 
produce th® polyp®ptid© 0 Also contemplated is such us®, 
wharein the peptide is dystrophin and th® pharmaceutical is 
for treatment of muscular dystrophy e 

another us® according to th® invention is use of naked 
30 antisense polynucleotide in th® preparation of a 
pharmaceutical for introduction interstitially into tissue 
of a vertebrate to inhibit translation of polynucleotide in 
cells of the v®rt®brat®„ 

Th® tissue into which th® polynucleotide is introduced 
35 can be a persistent, nen=dividing e®ll 0 Th® polynucleotide 
may be either a D8!A ©r sequence „ sjhen th® 

polynucleotide is DMA, it can also be a Dm sequence which 
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is itself raon-replieating, but i® inserted into a plasmid, 
and the plasmid further comprises a replicator. She m& aay 
he a sequence engineered so as not to integrate into the 
host eell genome, she polynucleotide sequences aay ©ode for 
5 a polypeptide which is either contained within the sells or 
secreted therefrom, ©r aay ©oaprise a sequence which directs 
the secretion of the peptide . 

She mh sequence aay also include a promoter sequence . 
In one preferred embodiment, the SM sequence includes a 

10 eell=sp®ei£i© promoter that permits substantial 
transcription of the 0E!& only in predeterained sells . she 
DMA aay also code for a pelyaerase for transcribing the 
Dm, and aay comprise recognition sites for the polymerase 
and the injectable preparation aay include an initial 

15 quantity of the polymerase. 

In aany instances, it is preferred that the 
polynucleotide is translated for a limited period of tiae 
so that the polypeptide delivery is transitory, she 
polypeptide aay advantageously be a therapeutic 

20 polypeptide, and aay comprise an ensyae, a heraene, a 
lymphekine, a receptor, particularly a ©ell surface 
receptor, a regulatory protein, such as a growth factor or 
other regulatory agent, or any other protein or peptide 
that one desires to deliver to a cell in a living 

25 vertebrate and for which corresponding m& or aBN& ©an be 
obtained. 

In preferred embodiments, the polynucleotide is 
introduced into muscle tissue? in other embodiments the 
polynucleotide is incorporated into tissuess of ©kin, 
30 brain, lung, liver, spleen ©r blood. she preparation is 
" s i5at@ m ® vertebrate by a variety of routes, which 



intravenously, or it aay be plaeed within ©avities of the 
body. in a preferred embodiment, the polynucleotide is 
35 injected intramuscularly. in still other embodiments, the 
preparation comprising the polynucleotide is impressed into 
the skin. Sransdermal administration is also contemplated. 



WO 90/11092 PCT/US90/01S1S 

as is inhalation. 

In on© preferred embodiment, the polynucleotide is m& 
for both a polypeptide ana a polymerase for 
transcribing the and the okr, kcM@s recognition 

5 sites for the polymerase and the injectable preparation 
further includes a means for providing an initial quantity 
of the polymerase in the cello She initial quantity of 
polymerase may be physically present together with the 
Alternatively,, it may be provided by including A coding 
10 therefor, which is translated by the cello In this 

embodiment ©f the invention, the ®m is preferably a 
plassaido Preferably, the polymerase is phage T7 polymerase 
and the recognition site is a T7 origin of replication 
sequence o 

15 ln accordance with another aspect of the invention, 

there i® provided a method for treating a disease 
associated with the deficiency or absence of a specific 
polypeptide in a vertebrate, comprising the steps of 
obtaining an injectable preparation comprising a 
20 pharmaceutical^ acceptable injectable carrier containing a 
nalfced polynucleotide coding for the specific polypeptide? 
introducing the injectable preparation into a vertebrate 
and permitting the polynucleotide to be incorporated into a 
cell, wherein the polypeptide is formed as the translation 
25 product of the polynuclaotid®, and whereby the deficiency 
or absence @f the polypeptide is compensated f@r 0 In 
preferred embodiments, the preparation is introduced into 
muscle tissue and the method is applied repetitiv®ly a She 
method is advantageously applied where the deficiency ©r 
30 absence is due to a genetic defect, fhe polynucleotide is 
preferably a non°replicating W!& sequence? the DMA sequence 
aay also b© incorporated into a plasmid vector which 
comprises an ©rigin of replication 

In @ne of the preferred ©mbodisents, the 
35 polynucleotide codes for a non-secreted polypeptide, and 
the polypeptide remains ia sie B „ According to this 
embodiment, when the polynucleotide codes for the 
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polypeptide dystrophin, the method provides a therapy for 
Duchanne's syndrome? alternatively, when the polynucleotide 
cedes for the polypeptide phenylalanine hydrossylase, the 
method comprises a therapy for phenylketonuria . Sn another 
5 preferred eabodiaent of the aethod, the polynucleotide codes 
fesr a polypeptide which is secreted by the cell and released 
into the circulation of the vertebrate* in a particularly 
preferred eabodiaent the polynucleotide codes for human 
growth heraen®,, 

In yet another eabodiaent of the method, there is 



10 



polynucleotide coding for a receptor associated with 
cholesterol homeostasis is introduced into a liver cell, 
and the receptor is expressed by the cello 
15 m accordance with another aspect of the present 

invention, there is provided a method for immunising a 
vertebrate, comprising the steps of obtaining a preparation 
coaprising an expressible polynucleotide coding for an 
immunogenic translation product, and introducing the 
20 preparation into a vertebrate wherein the translation 
product of the polynucleotide is formed by a cell of the 
vertebrate, which elicits an immune response against the 
iaaunogen. Xn one embodiment of the method, the injectable 
preparation comprises a pharaaceutically acceptable carrier 
25 containing an expressible polynucleotide coding for an 
immunogenic peptide, and on the introduction of the 
preparation into the vertebrate, the polynucleotide is 
incorporated into a cell of the vertebrate wherein an 
immunogenic translation product of the polynucleotide is 
30 formed, which elicits an immune response against the 
immunogen 0 

la an alternative embodiment, the preparation 
comprises one or more cells obtained from the vertebrate 
and transfeeted in vitro with the polynucleotide, whereby 
i5 the polynucleotide is incorporated into said cells, where 
an immunogenic translation product of the polynucleotide is 
formed, and whereby on the introduction of the preparation 
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into the vertebrate, an iaaune rssponse against the 
iaaunogsn is elicited, Xn any of th© eabodiaents of the 
invention, th© immunogenic product aay be secreted by the 
cells, or it say be pressnted by a cell of th© vertebrate 
5 in th® context of the aejer histocoapatibility antigens, 
thereby eliciting an iaaune response against the iaaunogen, 
The aethod aay b® practiced using aon°dividing, 
differentiated cells fro® th© vertebrates, which cells aay 
be lyapheeytes, obtained froa a blood saaple? 
10 alternatively, it aay he practiced using partially 
differentiated skin fibroblasts which are capable of 
dividing, in a preferred eabodiaent, the aethod is 
practiced by incorporating the polynucleotide coding for an 
iaaunogenic translation product into auscle tissue, 
15 The polynucleotide used for iamunisation is preferably 

an aRNA sequence, although a non°replicating DN& sequence 
aay be used, She polynucleotide aay be introduced into 
tissues of the body using the injectable carrier alone, 0 
liposoaal preparations are preferred for aethods in which 
20 in vitxo transfeetions of cells obtained froa the 
vertebrate are carried out, 

She carrier preferably is isotonic, hypotonic, or 
weakly hypertonic, and has a relatively low ionic strength, 
such as provided by a sucros© solution, She preparation 
25 aay further advantageously coaprise a source of a cytokine 
which is incorporated into liposoaes in the fora of a 
polypeptide or as a polynucleotide . 

The aethod aay be used to selectively elicit a huaoral 
iaaune response, a cellular iaaune response, or a aixtur® of 
30 these, Xn ©abodiaents wherein the cell expresses aajor 
histocoapatibility coaplex of Class X, and the iaaunogsnic 
peptide is presented in the contest of the class X coaplex, 
the iaaune response is cellular and coaprises the production 
of cytotoxic T-eells, 
35 xn on© such eabodiaent, th® iaaunog@nic p®ptid® is 

associated with a virus, is presented in the context of 
Class X antigens, and stiaulates cytotoxic T°cells which 
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are capable* of destroying calls infected with the virus. & 
cytotoxic T-csll response may also be produced according 
th© method where th© polynucleotide cedes for a truncated 
viral antigen lacking numeral epitopes. 
S In another ®f thes® embodiments, the immunogenic 

peptid© is associated with a turner, is pres®nt®d in th© 
contest of elas® X antigen®, and stimulate® cytotoxic T 
cells which ar® capable of destroying tumor sell®, in yet 
another embodiment wherein the injectable preparation 
10 comprises cells tak©n from the animal and tran@feet®d la 
vit?o t th® ©ell® expressing sajor histocompatibility 
antigen of class s and class XI, and th® immune response i® 
both humoral and cellular and comprises the production of 
both antibody and cytotoxic T°e©lis. 
15 2n another embodiment, there is provided a method of 

immunising a vertebrate, comprising the step® of obtaining 
a positively charged liposome containing an expressible 
polynucleotide coding for an immunogenic peptide, and 
introducing the liposome into a vertebrate, whereby the 
20 liposome is incorporated into a monocyte, a macrophage, or 
another cell, where an immunogenic translation product ©f 
the polynucleotide is formed, and th® product is processed 
and presented by the cell in the context of the major 
histocompatibility complex, thereby eliciting an immune 
25 response against the immunog®n. Again, th® polynucleotide 
is preferably mBS?&, although am may also be used, and as 
before, the method may be practiced without the liposome, 
utilising just the polynucleotide in an injectable carrier. 

Th® present invention also encompasses th® use @f m& 
coding f@r a polypeptide and for a polymerase for 



recognition sites for the polymerase. She initial (quantity 
of polymerase is provided by including am ceding therefor 
in the preparation, which aM& i@ translated by th® cell. 
35 The aSNA preferably is provided with means for retarding 
its degradation in the call. This can include capping the 
mKHA, circularising the mSM, or chemically blocking the 5' 
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end of the aSM&o ®h® dha used in the invention may be in 
fen® form of linear DHA or may b© a plasmid. Episomal DNA 
is also contemplated o On® preferred polymerase is phage T7 
KMA polymerase and a preferred reeognitioa ©it® is a 3MA 
5 polymerase promoter. 

mxm%n mscaxj&XQM or .xmvbntoom 
Th® practice ©f the present invention requires 
obtaining naked polynucleotide @p@rativ©ly coding for a 
polypeptide for incorporation into vertebrate ©ells. A 
10 polynucleotide operatively cedes for a polypeptide when it 
has all th@ genetic information necessary for expression by 
a target sell, such as promoters and the lite®. These 
polynucleotides can be administered to the vertebrat® by 
any method that delivers injectable materials to cells of 
15 the vertebrate, such as by injection into the interstitial 
space of tissues such as muscles or skin, introduction into 
the circulation or into body cavities or by inhalation or 
insufflation. A nateed polynucleotide is injected or 
otherwise delivered to the animal with a pharmaceutical^ 
acceptable liquid carrier, For all applications, the 
liquid carrier is aqueous or partly aqueous, comprising 
sterile, pyregen=fre® water, The pH of the preparation is 
suitably adjusted and buffered. 

In the embodiments of the invention that require use 
25 of liposomes, for example, when the polynucleotide is to be 
associated with a liposome, it requires a material for 
forming liposomes, preferably cationic or positively 
charged . liposomes, and requires that liposomal preparations 
be made from th®s® mat®rials„ With th® liposomal material 
30 in hand, the polynucleotide say advantageously be used to 
transfeet cells in vitro for use as immunising agents, or 
to administer polynucleotides into bodily sites wher® 
liposomes may be taken up by phagocytic cells, 
ffelynueleot^de Materials 
35 The naked polynucleotide materials used according to 

the methods of the invention comprise DMA and m& sequences 
or turn and SNA sequences coding for polypeptide® that hav® 
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us©ful therapeutic applications. These polynucleotide 
sequences are aa&gfl in the sense that they are free from 
any delivery vehicle that ©an act t@ facilitate ©ntry int© 
the cell, for ©xaapl®, the polynucleotide sequences are 
S fre® of v i ra i aeqiwacMs, particularly any viral particles 
which say carry genetic information. They are similarly 
free from, ©r naked with respect to, any material which 
promotes transfeetion, such as liposomal formulations, 
charged lipids such as Lipofeetin" @r precipitating agents 
10 such as SaPO^o 

She DMA s©qu®ne®s us®d in these aethers can lb® those 
sequences which do not integrate into the ganom® ©f the 
host cello These say he nen=replieatlng DSJA sequences, ©r 
specific replicating sequences genetically engineered to 

15 lack the g®noae=int®gration ability. 

Th® polynucleotide sequences of the invention are DM 
or wsh sequences having a therapeutic effect after being 
taken up by a cello Examples ©f polynucleotides that are 
thessselves therapeutic are anti=s®as® DMA amd WS&t Dm 

20 coding for an anti-sens® OTA,° ©r DMA coding for t&SJA or 
xm& to replace defective @r deficient endogenous 
molecules o The polynucleotides ©f the inventi©n ©an also 
cod© for therapeutic polypeptides . A polypeptide is 
understood to be any translation product ©f a 

25 polynucleotid® regardless of sis®, and whether glycosylated 
©r not. Therapeutic polypeptides include as a primary 
example, those polypeptides that can compensate for 
defective ©r deficient species in an animal, or feh© s ® that 
act through toxic effects to limit ©r remove harmful ©ells 

30 from the b©dy 0 

Therapeutic polynucleotides provided by the invention 
©an also ©ode for immunity-conferring polypeptides, which 
can act as endogenous immunegens t© provak® a humoral ©r 
cellular response, or both. Th® polynucleotides employed 
35 according to th® present invention ©an also ©®d© for an 
antibody. in this regard, the term ra antib@dy ra ©ncomps 
whole immunoglobulin ©f any ©lass, chimeric antibodies 
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hybrid antibodies with dual or multiple antigen or epitope 
specificities , and fragments, sues as ?(ab)2, Fab", 3?ab and 
the like, including hybrid fragments. Also included within 
the meaning ©f "antibody ■ are ©en jugate® ©f such fragments, 
5 and so-called antigen binding protein® (single ehain 
antibodies) as described, for example, in U.S. Patent EJo. 
4,704,692, the contents ©f which are hereby incorporated by 
reference., 

Shus, an isolated polynucleotide ©eding for variable 
10 regions ©f an antibody ©an be introduced, in accordance 
with the present invention, to enable the treated subject 
to produce antibody in situ. JFor illustrative Methodology 
relating to obtaining antibody -encoding polynucleotides, 
wee EJard et al. 3£fi£ure, 341s54«-546 (1989) * Gillies et al., 
15 ^flfeechnol n 7s799=804 (1989); and BJakatani et al., loc. 
cit. t 805=810 (1989) . She antibody in turn would exert a 
therapeutic effect, for example, by binding a surface 
antigen associated with a pathogen, Alternatively, the 
encoded antibodies ©an be anti=idiotypic antibodies 
20 (antibodies that bind other antibodies) as described, for 
example, in U.S. Patent EJo. 4,699,880. such anti-idiotypi© 
antibodies could bind endogenous @r foreign antibodies in a 



pathological conditions associated with an immune response, 
25 e.g., in the context of an autoimmune disease. 

Polynucleotide sequence® of the invention preferably 
code for therapeutic ©r immunogenic polypeptides, and these 
sequences say be used in association with ©ther 
polynucleotide sequences coding for regulatory proteins 
30 that control the expression ©f these polypeptides. Th® 
regulatory protein ©an act by binding to genomic SH& me as 
to regulate its transcription? alternatively, it ©an act by 
binding to messenger SH& to increase ©r decrease its 
stability or translation efficiency. 
35 3Fa® polynucleotide material delivered to the 

cells la vivo can take any number ©f forms, and the present 
invention is not limited to any particular polynucleotide 
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ceding for any particular polypeptide or group of 
polypeptides, St say contain only a fragment ©f a gene, ox- 
may code for Multiple polypeptide sequences , and say 
additionally contain recognition and promoter sequences, 
5 Plasaids containing genes coding for a large number ©f 
physiologically active peptides and antigens ©r immunogens 
have been reported in the literature and can be readily 
obtained by those of skill in the arte 



15 



30 



i® £® b© S83A, promoters 
10 suitable for use in various vertebrate systems are well 
knom, For example, for use in murine systems, suitable 
strong promoters include ESSV SBR, sapsv MR, SV40 HP, and 
metallothionein proaoter 0 in humans, ©n the other hand, 
promoters such as ON is? may advantageously be used. All 
forms ©f dna, whether replicating or non-replicating, which 
do not become integrated into the genome, and which are 
expressible, are within the methods ©ontemplated by the 



With the availability ©f automated nucleic acid 
20 synthesis equipment, both WS& and ©an be synthesized 

directly when the nucleotide sequence is known ©r by a 
combination @f po* cloning and fermentation. Moreover, 
when the sequence of the desired polypeptide is known, a 
suitable coding sequence for the polynucleotide can be 
25 inferred . 

^ien the polynucleotide is mSBJA, it ©an be readily 
prepared from the corresponding am ia vi£jrs>0 ^or exaaple, 
conventional techniques utilise phage msa polymerases SP6, 
S3, or T7 t© prepare am from ®m templates in the 
presence of the individual ribonucleosid® triphosphates . 
An appropriate phage promoter, such a® a ^7 ©rigin 02 
replicatien site is placed in the template MA immediately 
upstream ©f the gene to be transcribed. Systems utilising 
<S7 in this manner are well known, and are described in the 
35 literature, © 0 g., in ©ar^esat B>r@t@©®l® to Htttacmlsur 
Biology, §3*8 (Void 1988), 
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one particularly preferred method for obtaining the 
mRWA used in the present invention is set forth in Examples 
2-5 o In general, however, it should he apparent that the 
pXGB plasmid or any similar plasmid that ©an he readily 
5 constructed by those of ordinary skill in the art ©an be 
used with a virtually unlimited number of eDEJAs in 
practicing the present invention- Such 
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polymerase, followed by a 5° untranslated region, a 3' 
untranslated region, and a template for a poly A tract. 
There should be a unigu© restriction site between these 5' 
and 3' regions to facilitate the insertion of any desired 
cDNA into the plasmid. Then, after cloning the plasmid 
containing the desired gene, the plasmid is linearised by 
15 cutting in the polyadenylation region and is transcribed in 
vitro to form mBWA transcripts. These transcripts are 
preferably provided with a 3' cap, as demonstrated in 
Example 5. Alternatively, a 5" untranslated sequence such 
as EMC can be used which does not require a 5* eap. 
20 fthile the foregoing represents a preferred method for 

preparing the mKHA, it will be apparent to those of skill in 
the art that many alternative methods also exist. For 
example, the aSHA ©an be prepared in commercially-available 
nucleotide synthesis apparatus. Alternatively, aSfiJA in 
25 circular form can be prepared. Exonuelease-resistant SSJAs 
such as circular mSMA, ehemieally blocked aSBJA, and am 
with a 5" cap are preferred, because of their greater half- 
life la vivo* 

In particular, one preferred mRHA is a self- 
30 circularising aKNA having the gene of interest preceded by 
the 5" untranslated region of polio virus. It has been 
demonstrated that circular aKBJA has an extremely long half- 
life (Harland fi Wisher, ©evelopoemt 5L®2s 837=852 £3.988$ J 
and that the polio virus 5° untranslated region ©an promote 
35 translation of mSNA without the usual 5" cap (Pelletier 5 
Sonnenberg, Ktefasr© 3341 §320-325 (1988) , hereby incorporated 
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This material say be pr®par®d ffroa a m& tosplat© that 
is s©lff°splieing and generates circular ®lariat<* ^gms e 
using the s®thed ©2 m®n 5 C®ch, <S®11 47 §206=216 
(1986) (hereby ineerporat®d by reff ®rene® J . ej® aodiffy that 
5 tsaplat® by including the 5' untranslated region off th® 
peli© virus immediately upstream ©ff th® gene ©ff interest, 
following th® procedure off Klaniatis, T. ®t al. EBUcraaB 
Ottemseg A &£BaB&3»SH gold spring Harbor, £9®w y©rk 

(1982) c 

10 Em addition,, th® present inventi®n includes th® use off 

aSM ttot i« chemically blocked at th® 5' and/or 3° ©nd to 
prevent a©o®ss by SJtoo (Shis ©ngym® i s aa axenucleas® 
and thereffor® dees not cleave m& in th® middle ©ff th® 
chain.) such chemical blockage can substantially l®ngth®n 

15 th® halff liff® off th® m& in vivoo T*o agent® which say b® 
used to modify m& ar® available ffrom eionet®ch 
Laboratories, Xnc., Pal© Alto, Califfornias @2 
&ainoE3odiffi®r (Catalog C 5204=,!) and a»ine~7~dOTy (Catalog 
0 K1022-1). Thsse materials add rsaetiv® groups to th® 

20 mho &ffter introduction ©ff either off th®s© agent® ©nt© an 
mh molecule ©ff interest, an appropriate reactive 
substituent can b® linked to the msh according to th® 
manufacturer's instructions, ©y adding a group with 
sufffficient bulk, access to the chemically mediffied m& by 

25 SMse can be prevented . 

Unlike g®ne th®rapi®@ proposed in the past, @n© Major 
advantage ©ff the present invention is the transitory nature 
©ff th® polynucleotide synthesis in the cells. (Be reffer to 
30 this as reversible gene therapy, ©r <m£ B ) with a&N& 
introduced according to the present invention, th® ©ffffeet 
will generally last about ©ne day, Ms©, in marked 
contrast to gene therapies proposed in the past, aOTA do®® 
not hava t© penetrate the nucleus to direct protein 
synthesis ,° thereffore, it should have no genetic liability. 

In sea® situations, however, a sere prolonged effffect 
saay be desired without incorporation off the exogenous 
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polynuclaic acid into the genom© of th® host organism. 
In ©rd©r to provide such am ®ff®et, a pr®f erred ®Hsbodias«it 
of the invention provides introducing a DMA seqiuenc© ceding 
for a specific polypeptide into the ©ell. w© have found, 
5 according to th© methods of th© invention, that non° 
replicating BUa segu©no®s ©an b® introduced into cell® to 
provide production of th© d©@ir®d polypeptide for periods 
of about up to six months, and we have observed sue evidence 
©f integration ©f th® DMA s®gu®nee® into the genome ©f the 
10 cell®. Alternatively, an ®v©n sor® prolonged effect ©an be 
achieved by introducing th® DMA ©equane® int© th® ©ell by 
means ©2 a vector plasaid hawing th® DMA seguenc® inserted 
tbereino Preferably, th® plasaid furtber eoaprisss a 
replicator. Such plasmids are well Isnewn to those skilled 
in the art, for sxampl®, plasaid pBR322, with replicator 
pE2Bl, or plassaid pS3K!6, with replicator eelll (Ausub©!, 
fiHKK^fr ftKaftoc o ls — in_Jaol@cular alo^q6ry r wil®y and 

Sons, Mew w@r& (is>©gj 2XIsl,5,2, 

Results ©f studies ©f the tia© ©©urse ©f eapressien @f 
20 DMA and mKMA introduced into muscle s®ll® as described in 
Examples 1 and 13 indicate that aSMA exprassion is aer® 
rapid, although shorter in duration than DMA expression- 
An iaaediate and long lived gene expression can b® achieved 
by administering t© the ©ell a liposoaal preparation 
25 comprising both DMA and an 3SMA polymerase, such as the 
phage polymerases S3, and SP6. Tk® liposome also 

includes an initial source @£ the appropriate SMA 
polymerase, by either including the actual ensya® itself, 
©r alternatively, an aSMA eoding for that engya®, U3h®n th® 
30 liposome is introduced into th® ©rganisa, it deliver® the 
DMA and the initial source of EMA pelymerase t© th® ©ell, 
The mk polymerase, recognising the promoters on the 
intr©due®d DMA, transcribe® both g@n®s, resulting in 
translation products comprising a©r® SMA polyaeras® and th® 
35 desired polypeptid®. Production @f these aatsrial® 
continues until the introduced DMA (which is usually in th® 
form of a plasmid) is degraded. In this manner, productien 
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of the desir®d polypeptide ia vivo can b@ achieved in a few 
hours ana b© extended f e2 . en ® aoxi feSi ©r m©r©„ 

Mthough net liaited to th® treatment ©f genetic 
disease, the methods ®f the inv©nti@n ©an aeeardingly be 
5 appropriately applied to treataent strategies retiring 
delivery and functional ®xpr®@©i©n ©2 missing ©3? defective 
genes <> 



t© th® 

interstitial space ©2 tissue® ©f the animal body, including 
10 these ©£ muscle, ©Mb, brain, luag, liver, spleen, bon© 
marrow, thymus, heart, lyaph, bl@®d„ b©a®, ©artilag®, 
pancrsas, kidney, gall bladder, stomach, intestine, testis, 
©vary, uterus, rectum, nerveus system, ®ye, gland, and 
connective tissue. Interstitial spae® of the tissues 
15 comprises th® intercellular, fluid, mueepelysaeeharide 
matrix among th® reticular fibers ©f ©rgan tissues, elastic 
fibers in the walls of vessels ©r chambers, ©©llagen fibers 
of fibrous tissues, ©r that sam® matrix within ©©nneetiv© 
tissue ensheathing muscle cells ©r in the lacuna® @f bona, 
20 It is similarly th® spae® ©eeupied by th® plasma ®f th® 
circulation and th® lymph fluid ©f th® lymphatic channels,. 
Delivery t© the interstitial spae® @f muscle tissu® is 
preferred for the reasons discussed belew. 
They say b® conveniently delivered by injection into th® 
25 tissues comprising thase cells . Th®y are preferably 
delivered to and expressed in persistent, non-dividing 
cells which ar® differentiated, although daliv®ry and 
expression may b© achieved in n©n=diff®r®ntiatad @r less 
eompl®t@ly differentiated cells, such as, for ®xampl®, stem 
30 cells ©f bl@©d ©r skin fibroblasts , m hav® dise@ver®d 
that ia vivo muscle cells ar© particularly competent in 
their ability t© take up and express pelynucleotideso This 
ability may be du© to th® singular tissu© architecture @f 
ausel®, comprising multinucleated cells, sarcoplasmic 
35 reticulum, and transversa tubular system, Pelynueleetides 
aay enter th® musel® through th® transverse tubular system, 
which contains extracellular fluid and ©xtsnds deep into 
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the muscle cell. Xt is also possible that the 
polynucleotides enter damaged auscle ©ells which then 
recover o 

Muscle is also advantageously used as a sit® for the 
5 delivery and expression of polynucleotides in a number of 
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proportionately large musele jaass which is conveniently 
accessed by direct injection through the skin? for this 
reason, a comparatively large dose of polynucleotides ©an 
he deposited in sausele by multiple injections, and 
repetitive injections, to extend therapy over long periods 
of time, are easily performed and ©an be ©arrisd out safely 
and without special skill or devises. 

E&asele tissue ©an be used as a site for injection and 
15 expression of polynucleotides in a set @f general 
strategies, which are exemplary and not exhaustive. First, 
muscle disorders related to defective or absent 
products ©an be treated by introducing pc 
coding for a non-secreted gene product into 
20 auscle tissue, In a second strategy, disorders ©f other 
organs or tissues due to the absence of a gene product, and 
which results in the build-up of a circulating toxi© 
metabolite ©an be treated by introducing the specifi© 
therapeutic polypeptide into muscle tissue where the non- 
25 secreted gene product is expressed and elears the 
circulating aetabolite. Xn a third strategy, a 
polynucleotide ©©ding for an seeretable therapeutie 
polypeptide ©an be injected into auscle tissue froa where 
the polypeptide is released into the circulation to seek a 
30 aetabolic target. Shis use is demonstrated in the 
expression of growth hormone gene injected into auscle, 
Example ia. certain wm segments, are known to serve as 
to direct secretion (TSJiekner, W.T. and S.3?. 
330S-900-407 {If 85) , and these aay be 



35 advantageously employed. Finally, in immunisation 
strategies, muscle ©ells aay be injected with 
polynucleotides coding for immunogenic peptides, and these 
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peptides will b® preseated by muscle calls in the context 
of antigens 92 fe&a aaj 9S , histocompatibility comply to 
provek® a s®l©eted im» response against th® i S8aKmog(gxSo 

Tissues other than those of ausela, and having m 1(a@s 
5 efficient uptake OBd expression @2 iajectsd 
polynucleotides, may nonetheless be advantageously used as 
iajeetioa sites to ^oduee therapeutic polypeptides or 
polynucleotides uader certaia soaditioas. ©ne ® WGh 
coadition is th® us® of a polynucleotide to provide a 
polypeptide which to to® effective must be present ia 
association with cells of a specific type, for example, the 
cell surfac® receptors ©f 1W cells associated with 
ehol®st®rol homeostasis, (Brosm ana Goldstein, Scl^ce 
232s34°47 (1986)), In this ' — — 
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others, such as those in which an ensyme or hormone i. p 

g®ne product, it is aet n®cessary to aehiev® high levels of 
®spr®ssioa ia order to effect a valuable therapeutic 
result, 

©a® applicatioa of TGS is in the tr®atmeat of muscular 
dystrophy, sh® g®a®tie basis of the muscular dystrophies 
is just beginning to b® uarav®l®d, She geae related to 
Bucheaae/Becker muscular dystrophy has recently beea eloaed 
and eaeodes a rath®r large protein, termed dystrophia, 
Retroviral vectors are unlikely to be useful, because th®y 
25 could aet accomodate the rather large sise of the « 
(about 13kb) for dystrophia, v®ry receatly r®ported work 
is ceat®r®d ©a traasplantiag myoblasts, but the utility of 
this approach remaias to be determined, eiaarly, aa 
attractive approach would be to directly egress the 
30 dystrophia gene within the muscle of patients with 
Ducheaaes, since most patients die from respiratory 
failure, the muscles iavolved with respiratioa would be a 
primary target, 

Aaethar applicatioa is in the treatment of cystic 
35 fibrosis. The geae for cystic fibrosis was receatly 
ideatified (Goodfellow, p. 341(6238) 3102=3 (Sept, 

14, 1989)| aosaaeas, j„ «t al, gsisnsz, 245(4922) sX059=i©65 



WO 90/1 1092 PCT/US90/01515 

=26= 

(September 8, 1989)? Beardsley, ff.et al., figientlflc 
&3gEi£aa, 261(5)828-30 (1989). Significant amelioration of 
the symptoms should be attainable by the expression of the 
dysfunctional protein within the appropriate lung cells . 
5 Th® bronchial epithelial ©alls ar© postulated to be 
appropriate target tag calls and they could b© acc©ssibl® 
to gene transfer following instillation of g®n®s into the 
lung. sine© cystic fibrosis is an autosomal recessive 
disorder on© would n®sd to achieve only about 5% of normal 
10 levels of the cystic fibrosis g®n® product in order to 
significantly ameliorate the pulmonary symptoms. 

Biochemical genetic defects of intermediary metabolism 
ean also be treated by 2G3?. Th®s© diseases inelud® 
phenylketonuria, galactosemia, maple=syrup urine disease, 
15 homocystinuria, propionic acidemia, methylmalonic acidemia, 
and adenosine deaminase deficiency. The pathogenesis of 
disease in most of thes© disorders fits the phenylketonuria 
(PKU) model of a circulating toxic metabolite. Shat is, 
because of an enzyme block, a biochemical, toxic to the 
20 body, accumulates in body fluids. 2h®s® disorders ara 
ideal for gen® therapy for a number of reasons. First, 
only 5% of normal levels of enzyme activity would have to 
be attained in order to significantly clear enough of the 
circulating toxic metabolite so that the patient is 
25 significantly improved. Second, the transferred gene could 
most often be expressed in a variety of tissues and still 
be able to clear the toxic biochemical. 

Reversible gen© therapy can also be used in treatment 
strat®gi®s requiring intraeytoplasmie @r intranuclear 
30 protein expression. Some proteins are known that ar® 
capable of regulating transcription by binding to specific 
promoter regions ©n nuclear Dm. Othsr proteins bind to 
mA ° regulating its degradation, transport from the 
nucleus, or translation efficiency. Proteins of this class 
35 must b© deliv@r®d intracellular^ for activity. 
Extracellular delivery of recombinant transcriptional or 
translational regulatory proteins would not be expected to 
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have biological activity, but functional delivery of the 
DMA or SNA by 263? would be active. Reprasentative proteins 
of this typ© that would benefit from vg<s would include MEF 0 
TAT, steroid receptor and the retinoid reeepter, 
5 ©ene therapy can be used in a strategy to increase the 

resistance of an AIDS patient t© mv infection 
introducing an AIDS resistance gen®, such as, for example, 
the mw gene @r the soluble em gene to prevent budding, 
into an aids patient's T cells will render Ms T ©ells less 
ao capable of producing active AIDS virus, thus sparing the 
cells of the iaaua® mwt<m aHadl ispr@ving his ability to 
mount a T cell dependent immune response, Thus, in 
accordance with the invention, a population of the AIDS 
patient's own T cells is isolated from the patient's bleed, 
15 These cells are then transfeeted in vitro and then 
reintroduced back into the patient's blood, The virus- 
resistant cells will have a selective advantage ©ver the 
noraal cells, and eventually repopulate the patient's 
lymphatic system, mh systemic delivery to macrophages ©r 
20 other target cells can be used in addition to the 
extracorporeal treatment strategy. Although this strategy 
would not be expected to eradicate virus in th® macrophage 
reservoir, it will increase the level oS t ©ells and improve 
the patient's immune response. 

In all of the systemic strategies presented herein, an 
effective DM or mSSJA dosage will generally be in the rang® 
of from about Q,os ^g/kg to about SO ag/kg, usually about 
0,005-S sag/leg, However, as will be appreciated, this 
dosage will vary in a manner apparent t© those ©f skill in 
the art according to th® activity of the peptide s@ded for 
by the DSJA ©r mKSJA and th® particular peptide used. j?©r 
deliv®ry ©f adenosine deaminase to mice @r humans, for 
®xampla, adequate levels of translation are achieved with a 
D3JA or m&BSA dosag® ©f about ®,S t® S 
35 19, Wxqm this information, dosages t 
.known activity can be readily determined 

Diseases which result from deficiencies of critical 
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proteins may be appropriately treated by introducing into 
specialised ©ells, » 9sr srh& coding for these proteins. 
A variety of growth factors such as nerve growth factor and 
fibroblast growth factor have been shown to affect neuronal 
5 cell survival in animal models of Msheimer's disease. In 
the aged rat model, EJGF infusions have reversed the loss of 
cholinergic neurons, in the fimbria-fornix lesion rat, WGF 
infusions ©r secretion from g enetieally-modif ied 
fibroblast® have also avoided the loss of cholinergic 
10 function. Shelinergie activity is diminished in patients 
with Msheimer's. sha expression within the brain of 
transduced genes expressing growth factors could reverse 
the lost of function of specific neuronal groups. 

Introduction of DM or mm by transfection of the 
15 gene for neuronal growth factor into cells lining the 
cranial cavity can be used in accordance with the present 
invention in the treatment of Alzheimer's disease. in 
particular, the present invention treats this disease by 
intracranial injection of fro® about 10 „g to about 100 m 
20 of DM& or aSHA into the parenchyma through rase of a 
stereotaxic apparatus. Specifically, the injection is 
targeted to the cholinergic neurons in the medial septum. 
She mik or mam injection is repeated every 1=3 days for B' 
capped, 3' polyadenylated mm, and every week to 21 days 
25 for circular mm, and every 30 to so days for mm, 
injection of dm in accordance with the present invention 
is also conteaplated. Ml would be injected in 
corresponding amounts? however, frequency ©f injection 
would be greatly reduced. Spisemal DMA, for example, oould 
30 be active for a number of months, and reinjeetion would 
only be necessary upon notable regression by the patient, 

la addition, the ensymes responsible f@r 
neurotransmitter synthesis could be expressed from 
transduced genes. For example, the gene for choline acetyl 
35 transferase could be expressed within the brain ©ell® 
(aeurons or glial) of specific areas to increase 
acetylcholine levels and improve brain function. 
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Th ® criticel ©msymes involved in th® synthesis of 
other neurotransmitters such as dopamine, a or Spia ^ iMf 
and to® h®en eloa®d and available, a® critical 

ensyaea could &® locally increased by g®n® transfer into a 
5 localised area of th® brain. ^® incr®as®d pactions of 
these and other neurotransmitters ^©Tssldl have bread 
relevance to manipulation of localised neurotransmitter 
function and thus to a broad rang® ©f fcrain disease in 
which disturbed neurotransmitter function play® a crucial 
10 rol®. Sp®eifically, thss® diseases could includ® 
schisophrenia and manic-depressive illnesses and 
Parkinson's Disease. 2t is mll ® st abli ga ®d that patients 
with Parkinson's suffer from progressively disabled motor 
control due to the lack of dopamine synthesis within th® 
15 basal ganglia. She rat ® limiting step for dopamine 
synth®sis is the conversion of tyrosin® to z^mm by the 
®a 2 yme, tyrosin® hydroxylase. l-DOK is then converted to 
dopamine by tb® ubiquitous ensyme, mm decarboxylase. 
2hat is why tba well-established therapy with h-mm is 
effective (at l®ast for tb® first to y®ars of treatment) . 
@ene therapy could accomplish tb® similar pharmacologic 
objective by expressing th® genes for tyrosin® hydroxylase 
and possible mm decarboxylase as well. -Tyrosine is 
readily available within th® aj§. 

S?h® genetic form of alpha-l=antitryp@in d®fici®ney 
can r®sult in both liv®r and lung diseas®. a, 1W 
dis®as®, which is l®ss common, is © ata s®d hy fefe@ 
accumulation of an abnormal prot®in and would b® less 
amenable to gen® therapy, a® pulmonary complications, 
30 however, would be amenable to th® incr®as®d expression of 
alpha=l=antitrypsin within the lung 0 ai® s&ouM present 
th® disabling and eventually lethal emphysema from 



Mpha°l°antitrypsin deficiency also occurs in tobacco 
smokers since tobacco smoke decreases alpha-l-antitrypsin 
activity and thus serine proteas® activity that leads to 
emphysema, in addition, some recent data links tobacco 
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smoke's anti-trypsin offset to aneurysms of the aorta. 
Aneurysms would also be preventable by raising blood levels 
of anti~l~antitrypsin sine® this would decrease protease 
activity that leads to aneurysms. 
5 Patients with degenerative disease of the lung could 

also benefit from the ©agression of ensymes capable of 
removing other toxic metabolites which tend to accumulate 
in diseased lung tissue . Superoxide disautase and ©atalase 
could b® delivered by TO3P to aa®liorat® th®s® problems. 

10 can be us®d in treataent strategies requiring the 

delivery ©f cell surface receptors. It could be argued 
that there is no need to decipher aethodology for 
functional la vivo delivery of genes. Shere is, after all, 
an established technology for the synthesis and large scale 

15 production of proteins, and proteins are the end product of 
gene expression. This logic applies for aany protein 
aolecules which act ©xtracellularly or interact with cell 
surface receptors, such as tissue plasminogen activator 
(TPA) , growth horaone, _ insulin, interferon, granulocyte- 

20 macrophage colony stiaulating factor (©MCS?) , 
erythropoietin (DO), etc. However, the drug delivery 
problems associated with properly delivering a recombinant 
cell surface receptor to be inserted in the plasma aeabran® 
of its target cell in th© proper orientation for a 

25 functional receptor have hithertofore appeared intractable. 

When ®m or am coding far a cell surface receptor is 
delivered intracellular^ in accordance with the present 
invention, the resulting protein can be efficiently and 
functionally expressed on th© target cell surface, if the 

30 problem of functional delivery of recombinant cell surface 
receptors remains intractable, then th© only way of 
approaching this therapeutic modality will be through gen® 
delivery. Similar logic for nuclear @r cytoplasmic 
regulation of gen© expression applies to nuclear regulatory 

35 factor beuad t© DBA t@ regulate (up ©r Sown) w$k 
transcription and to cytoplasmic regulatory factors which 
bind to mh to increase ©r decrease translations! 
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efficiency and degradation. TGT could in this way provide 
therapeutic strategies for the treatment of cystic 
fibrosis, muscular dystrophy and hypercholesterolemia. 

Elevated levels of cholesterol in the blood may he 
5 reduced in accordance with the present invention by 
supplying w®m coding for the EsSL surface receptor to 
hepatoeytes. & slight elevation in the production of this 
receptor in the liver of patient® with elevated mh will 
have significant therapeutic benefits . Therapies feased on 
10 systemic administration of recombinant proteins are not 
able to compete with the present invention, because simply 
administering the recombinant protein could not get the 
receptor into the plasma membrane of the target cells . Tfo® 
receptor must be properly inserted into the membrane in 
15 order to exert its biological effect, it is net usually 
necessary to regulate the level of receptor expression? the 
more expression the better. Shis simplifi® s the moloeular 
biology involved in preparation of the asm for us© in the 
present invention. For example, lipid/HSJ& or mk complexes 
20 containing the LSL receptor gene may be prepared and 
supplied to the patient by repetitive s.v. injections. She 
lipid complexes will be taken up largely by the liver. 
Some of the complexes will be taken up by hepatoeytes. She 
level of LDL receptor in the liver will increase gradually 
as the number of injections increases. Higher liver LDL 
receptor levels will lead to therapeutic lowering of mh 
and cholesterol, &n effective ®m& dose will generally be 
from about o.l to about 5 mg/kg. 

©ther examples of beneficial applications @f scs 
include the introduction of the thymidine kinase gene into 
macrophages of patients infected with the mm virus. 
Introduction of the thymidine kinase gene into the 
macrophage reservoir will render those cells aor® capable 
of phosphorylating MSS. This tends to overcome their 
35 resistance to therapy, making MT capable of 

eradicating the HIV reservoir in macrophages. Lipid/DM 
complexes containing the thymidine kinase gene can be 
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prepared and administered to the patient through repetitive 
intravenous injections. She lipid complexes will be taken 
up largely by the macrophage reservoir leading to elevated 
levels of thymidine kinase in the macrophages . This will 
5 render the MT resistant cells subject to treatment with 
AST. The thymidine kinase therapy ©an also be focused by 
putting the thymidine kinase gene under the control of the 
HTLV III promoter According to this strategy, the 
thymidine kinase would only be synthesised on infection of 
10 the cell by HIV virus, and the production of the tat 
protein which activates the promoter. An analogous therapy 
would supply cells with the gene for diphtheria toxin under 
the control of the same HTLV III promoter, with the lethal 
result occurring in cells only after HIV infection. 
15 These AIDS patients could also be treated by supplying 

the interferon gene to the macrophages according to the TGT 
method. increased levels ©f localised interferon 
production in macrophages could render them more resistant 
to the consequences of HIV infection. smile local levels 
20 of interferon would be high, the overall sysfeemie levels 
would remain low, thereby avoiding the systemic toxic 
effects like those observed after recombinant interferon 
administration. Lipid/DMA or ska complexes containing the 
interferon gene can be prepared and administered to the 
25 patient by repetitive intravenous injections. The lipid 
complexes will be taken up largely by the macrophage 
reservoir leading to elevated localised levels @f 
interferon in the macrophages. This will render them less 
susceptible to HXV infection. 

Various cancers may be treated using TGT by supplying 
a diphtheria toxin gene ©n a sbja template with a tissue 
specific enhancer to focus expression of the gene in the 
cancer ©ell®. Intracellular expression of diphtheria toxin 
kills cells. These promoters could be tissue-specific such 
as using a pancreas-specific promoter for the pancreatic 
cancer. A functional diphtheria toxin gene delivered to 
pancreatic cells could eradicate the entire pancreas. This 
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strategy ©euld be used as a treatment for pancreatic 
cane®?. she patients would have no insurmountable 
difficulty surviving without a pancreas, ah® tissue 
specific enhaneer would ensure that expression of 
5 diphtheria toxin would ©nly ©eeur in panereati© ©©lis. 
DM/lipid ©espies containing th® diphth®ria toxin gen® 
und©r th® ©ontrol of a tissu® specific enhancer would be 
introduced directly into a ©annulated art®ry feeding th® 
pancreas, sh© infusion would ©©©ur OT s@a@ ffitSfea<Sttl<il 

10 for a© long as n©e®ssary ^ ©radicate th® paararoati© 
tissu®. @th®r lethal gen©© besides diphtheria t©xin could 
b@ used with similar effect, sueh as genes for s i & t n 03P 
cobra venom faster or ©nterotoxin. 

Ms©, ©n® could treat ©ane©r by using a ©©ll=ey©l® 

15 specific promoter that would only kill mils that ar® 
rapidly cycling (dividing) ©ueh as eancsr ©ell©. C ®11~ 
©yel® specific killing e©uld also b® aeeomplished by 
designing mm ©needing killer proteins that are stable 
only in cycling ©ells (i.e. histon® ana that is ©nly 

20 stable during s phase) . Ms©, on© ©ould use dev®lopmental= 
specific promoters sueh as th® us® of alpha=f®toprot®in 
that is only stressed in fatal liver sell® and in 
hepatoblastoma ©ells that hav® dediffer®ntiat®d into a mere 
fetal state o 

25 one eould also treat specialised ©ane©j 

transfer ©f g®n©s such as th® retinoblastoma 
others of that family) that suppress the ©ancer 
of certain cancers . 

She *£QT strategy ©an be used to provide a controlled 

30 sustained delivery of peptides. Conventional drugs, as 
well as reeombinant protein drags, ©an benefit fr @!a 
controlled releas® d®vie®s. Sh© purpos® of the ©ontrolled 
release device is to d®liv®r drugs over a longer time 
p®ri@d, so that th® number of d@s®s r®guir®d is reduced. 

35 This results in improvements in patient eonveni©nce and 
compliance. There ar® a wide variety of emerging 
technologies that are intended to achieve controlled 
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"SQT can be used to obtain controlled delivery of 
therapeutic peptides, Regulated expression can be obtained 
by using' suitable proaeters, including cell-specific 
S proaoters. Suitable peptides delivered by the present 
invention include, for exaaple, growth horaene, insulin, 
interleukins, interferons, mm„ and the li&e. 

Depending on the specific application, the ©S5& or an WS& 
construct selected ©an be designed to result in a gene 

10 product that is secreted froa the injected cells and into 
the systeaie circulation 0 

TGT can also coaprise the controlled delivery of 
therapeutic polypeptides or peptides which is achieved by 
including with the polynucleotide to be expressed in the 

15 -cell, an additional polynucleotide which cedes for a 
regulatory protein which controls processes of 
transcription and translation,. These polynucleotides 
coaprise those which operate either to up regulate or down 
regulate polypeptide expression, and exert their effects 

20 either within the nucleus or by controlling protein 
translation events in the eytoplasao 

The T7 polyaerase gene can be used in conjunction with 
a gene of interest to obtain longer duration of effect of 
TQTo gpiseaal BM such as that obtained froa the origin of 

25 replication region for the Epstein 3arr virus can be used, 
as well as that froa other origins of replication which are 
functionally active in aaaaalian cells, and preferably 
those that are active in huaan cells . Shis is a way to 
obtain expression froa cells after aany cell divisions, 

30 without ris&ing unfavorable integration events that are 
eoaaen to retrovirus vectors . Controlled release of 
calcitonin could b® obtained if a calcitonin gene under the 
control of its own proaoter could be functionally 
introduced into soae site, such as liv®r or sJsin, Cancer 

35 patients with hypercaleeaia would b® a group to whoa this 
therapy could b® applied. 

Other gene therapies using TGT can include the us® of 
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a polynucleotide that has a therapeutic offset without 
being translates into a polypeptide s»o? example, 2GT can 
be used in the delivery of anti-sense polynucleotides for 
turning off th® expression of spseific ^ nme ©onventional 
5 anti=sense m®thodology suffers from poor efficacy, in part, 
because the oligonucleotide sequences delivered are too 
short, fcith rat, tos TOf full length anti-sens® sequences 
©an be delivered as easily as snort oligomers. Anti-sense 
polynucleotides ©an be OTA or im molecules that themselves 

10 hybridise to ( and, thereby, prevent transcription or 
translation of) an endogenous nucleotide sequence . 
alternatively, an anti-sense DMA may eneod® an n the 
hybridises to an endogenous s®gu®nc®, interfering with 
translationc other uses of ms in this vein include 

15 d®liv®ring a polynucleotide that encodes a tBMA or rOTA to 
replace a defeetiv® or deficient endogenous tn or rOTA, 
the pr®s®nc® of which causes the pathological condition. 

Sell-specific promoters can also be used to permit 
expression of the gene only in the target cello For 

20 example, certain g®n®s ar® highly promoted in adults only 
in particular types of tumors. Similarly, tissue-®gt®cifi© 
promoters for specialised tissue, e.g., lens tissue of the 
eye, have also been identified and us®d in h®t®rolegous 
expression systems . 

25 Beyond the therapies described, the method of the 

invention can be used to deliver polynucleotidase to animal 
stock to increase production of ail* ia <aairy cattle or 
muscle mass in animals that ar® raised for meat, 
BBft and mSWK Vaccinas 

30 According to the methods of the invention, both 

expressible MA and aBM ©an be delivered to ©ells to form 
therein a polypeptide translation product, Xf the nucleic 
acids contain the proper control sequences, they will 
direct the synthesis of relatively large amount® of the 
35 encoded protein. fthen the DM and A delivered to the 
cells cedes for an immunising peptide, the methods ©an be 
applied to achieve improved and more effective immunity 
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against infectious agents, including intracellular viruses, 

and also against tumor cells. 

Since the iaaune systems of all vertebrates . operate 

siailarly, tae applications described ©an be implemented in 
5 all vertebrate systeas, eeaprising aaaaalian and avian 

species, as well as fish. 

The aetheds of the invention aay be applied by direct 

injection of the polynucleotide into ©ells of the aniaal la 

vivo, or by in vitro transfeetion of ®cm® of fcbe aniaal 
10 cells which are then r©=introduced into tbe aniaal body 0 

The polynucleotides Bay be delivered to various ©ells ©f 

the aniaal body, including auscle, skin, brain, lung, 

liver, spleen, ©r to the- ©ells of the bl©odo Delivery ©f 

the polynucleotides directly in vivo is preferably to the 
15 cells ©f auscle ©r skin. The polynucleotides aay be 

injected into auscle or skin using an injection syringe . 

They aay also be delivered into auscle or skin using a 

vaccine gun. 

It has recently been shown that cationic lipids can b® 

20 used to facilitate the transfeetion ©f cells in certain 
applications, particularly in viez-o transfeetion. 
Cationic lipid based transfeetion technology is preferred 
over other methods? it is aore efficient and convenient 
than ealeiua phosphate, be&e deastran ©r eleetroporatlon 

25 aethods, and retrovirus aediated transfeetion, as discussed 
previously, ©an lead to integration events in the host 
cell genoae that result in ©ncegene aetivatien ©r ©ther 
undesirable consequences. Ta® knowledge that ©atioai© 
lipid technology works with aessenger i® a furfeher 

30 advantage to this approach because m& is turned over 
rapidly by intracellular nucleases and is not integrated 
into the host genoae. & transfeetion systea that results 
in high level® ©f reversible esspression i® preferred to 
alternative aethodolegy requiring selection and easpansion 

35 of stably transformed clones because aany ©f the desired 
priaary target cells do not rapidly divide in culture. 

The ability to transfect cells at high efficiency with 
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eationic liposomes provides an alternative method foe 
immunisation. The gen® for am antigen is introduced in to 
cells which have been removed from an animal. The 
transfected sell®, now expressing the antigen, are 
5 reinjected into the animal where the immune system can 
respond to the (now) endogenous antigen . She process can 
possibly be enhanced by ©©injection of either an adjuvant 
or lympho!sines to further stimulate the lymphoid cells . 

Vaccination with nuclei© acids containing a gene for 

10 an antigen may also provide a way to specifically target 
the cellular immune response. Cells expressing proteins 
which are secreted will enter the normal antigen processing 
pathways and produce both a humoral and cytotoxic response. 
The response to proteins which are not secreted is more 

15 selective . Mon°secreted proteins synthesized in cells 
expressing only class I mc molecules are expected to 
produce ©nly a cytotoxic vaccination, Expression of the 
same antigen in ©ells bearing both class X and class IX 
molecules may produce a more vigorous response by 

20 stimulating both cytotoxic and helper T cells, Enhancement 
of the immune response may also be possible by injecting 
the gene for the antigen along with a peptide fragment @f 
the antigen . The antigen is presented via class 1 EZHC 
molecules to the cellular immune system while the peptide 

25 is presented via class XI me molecules to stimulate helper 
T cells. In any ©ase, this method provides a way to 
stimulate and modulate the immune response in a way which 
has not previously been possible. 

& major disadvantage ©f subunit vaccines is that 

30 glycoprotein antigens are seldom modified correctly in the 
recombinant expression systems used to malee the antigens. 
Introducing the gene for a glycoprotein antigen will insure 
that the protein product is synthesized, modified and 
processed in the same species and ©ells that the pathogen 

35 protein would be. Thus, the expression of a gene for a 
human viral glycoprotein will contain the correct 
complement of sugar residues. This is important because it 
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has been deaonstrated that a substantial eoaponent of the 
neutralising antibodies in some viral systeas are directed 
at carbohydrate epitopes . 

Any appropriate antigen which is a candidate for an 
5 iaaune response, whether huaeral or cellular, can be used 
in its nucleic acid fora. The source of the ©ells could be 
fibroblasts taken fro® an individual which provide a 
convenient source of cells expressing only class x me 
aoleeules. Alternatively, peripheral blood cells ©an be 

10 rapidly isolated froa whole blood to provide a source of 
cells containing both class X and class XX Mc proteins. 
They could be further fractionated into 3 ©ells, helper T 
cells, cytotoxic T cells or aacrophage/aonoeyte cells if 
desired. Bone aarrow cells ©an provide a source of i©ss 

15 differentiated lyaphoid cells. In all cases the cell will 
be transfected either with mh containing a gene for the 
antigen or by the appropriate capped and polyadenylated 
aRJJA transcribed froa that gene or a circular 
cheaically modified mh, or an m& which does not require 

20 5' capping. The choice of the transfecting nucleotide aay 
depend on the duration of expression desired. For 
vaccination purposes, a reversible expression of the 
iaaunogenic peptide, as occurs on mm transfection, is 
preferred. Transfected cells are injected into the an'iaal 

25 and the expressed proteins will be processed and presented 
to the iaaune systea by the noraal cellular pathways. 

Such an approach has been used to produce cytotoxic 
iaaunity ±n aodel systeas in aice. Cell lines, aalignant 
continuously growing cells, ©an be stably transforaed with 

30 Dm. rahen ©ells are injected into aniaals, they induce 
cellular iaaunity to the expressed antigen. The eationi© 
lipid delivery systea will allow this approach to be 
extended to noraal, nen-aalignant cells taken froa a 
patient. 

There are several applications to this approach of 
targeting cellular iaaunity. The first is vaccination 
against viruses in which antibodies are known to be 
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required or to enhanced viral infection. Ther© ar© two 
strategies that can be applied here. One can specifically 
target the cellular pathway during immunisation thus 
eliminating the enhancing antibodies,, Alternatively ©n© 
5 can vaccinate with the gene for a truncated antigen which 
eliminate the huaoral epitomes which enhance infeetivity. 

S?fe® use of m& ©r mm vaccine therapy could similarly 
provide a aeans to provoft® an effective cytotoxic 2?°cell 
response to weafcly antigenic tumors, m propose, for 
10 exaaple, that if a tumor°speeifie antigen were expressed by 
jaKBJA inside a cell in an already processed for®, and 
incorporated directly into the Class 1 ®el®eul©s ©n the 
cell surface, a cytotoxic 2? cell response would be 
elicited. 

3.5 a second application is that this approach provides a 

saethod to treat latent viral infections. Sev®ral viruses 
(for ©sample, Hepatitis S, MTW and members of the Herpes 
virus group) can establish latent infections in which the 
virus is maintained intracellular^ in an inactive or 

20 partially active for®. There are few ways of treating such 
an infections. However, by inducing a cytolytic immunity 
against a latent viral protein, the latently infected cells 
will be targeted and eliminated. 

& related application of this approach is to the 

25 treataent of chronic pathogen infections. ®h©r® are 
numerous example® of pathogens which replicate slowly and 
spread directly from cell to cell. These infections are 
ehronic, in sea® cases lasting years or decades. Examples 
of these are the slot? viruses (® 0 g„ VisnaJ, the Scrapie 

30 agent and TO. On® can eliminate the infected ©ells by 
inducing an cellular response to proteins ©f the pathogen. 

Finally, this approach aay also be applicable t@ the 
treatment of malignant disease. vaeeinati@n to mount a 
cellular immune response to a protein sp®eifie to th® 

35 malignant state, be . it an activated oncogene, a fetal 
antigen or an activation marker, will result in the 
elimination of these cells. 
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The use of vm/tiBm. vaccines could in this way greatly 
enhance the immunogenicity of certain viral proteins, and 
cancer-specific antigens, that normally elicit a poor 
imsun© response . She mB8S& vaccine technique should be 
3 applicable to the induction of cytotoxic T cell immunity 
against poorly immunogenic viral proteins fro® the Herpes 
viruses, non°&, non°B hepatitis, and EEV, and! it would 
avoid the hazards and difficulties associated with in vitro 
propagation ©f these viruses. For cell surface antigens, 
10 such as viral coat proteins (e.g., Em gpltO), the antigen 
would be expressed on the surface ©2 the target cell in the 
contest of the major histocompatibility complex (tmc) , 
which would be expected to result in a more appropriate] 
vigorous and realistic immune response . it is this factor 
15 that results in the mere efficacious immune responses 
frequently observed with attenuated virus vaccines. 
Delivery ©f a single antigen gene by would be much 

safer than attenuated viruses, which can result in a low 
frequency of disease due to inadequate attenuation, 
20 There is an additional advantage of TGT which can be 

exploited during the vaccine development phase. One ©f the 
difficulties with vaccine -development is the requirement to 
screen different structural variants of the antigen, f©r 
the optimal immune response. if the variant is derived 
25 from a recombinant source, the protein usually must be 
expressed and purified before it can be tested f©r 
antigenicity. This is & laborious and time consuming 
process. With in vicro mutagenesis, it is possible to 
obtain and sequence numerous clones ©f a given antigen, if 
30 these antigen can be screened far antigenicity at the WS& 
©r mh level by TGT, the vaccine development program could 
be made to proceed much faster, 

Finally, in the case ©f the m&/&sm> vaccines, the 
protein antigen is never exposed directly to serum 
35 antibody, but is always produced by the transfeeted cells 
themselves following translati©n ©f the asm. Hence, 
should not be a problem. Thus, the 
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invention permits the patient to be immunised repeatedly 
without the fear of allergic reaeti©ns„ The use ©f the 
DWaSffi vaccines of the present invention makes such 
iamunigatisn possibles 0 
5 on® can easily conceiv© of mys in which this 

technology can b© modified to enhance ©till further the 
imaunogenieity of antigenso * cell immunisation can be 
augmented by increasing the density of class x and elass II 
histocompatibility antigens on the macrophage @r ©ther cell 

10 surface and/©r by inducing the transfeeted cell to release 
eytoIdLnes that preset® lymphocyte proliferation To this 
end, one may incorporate in the same liposomes that contain 
™ A fer ttoa antigen, ©ther mKSOk species that encode 
interferons or interleukin-l. These cytokines are known to 

15 enhance Macrophage activation. Their systemic use has been 
hampered because of side effects., Heaver, when 
encapsulated in mRSJA, along with 8MA for antigen, they 
should be expressed only by those cells that co-express 
antigeno in this situation, the induction ©f t cell 

20 immunity can be enhanced greatly,, 
!Eherapeut^c formulatio n^ 

Polynucleotide salts? Administration ©f pharmaceutical^ 
acceptable salts of the polynucleotides described herein is 
included within the scope of the invention. Such salts say 

25 be prepared from pharmaceutical^ acceptable non-toxic 
bases including organic bases and inorganic base®„ salts 
derived from imerganic bases include sodium, potassium, 
lithium, ammonium, calcium, magnesium, and the like. Salts 
derived from pharmaceutical^ acceptable organic non-toxic 

30 bases include salts ©f primary, secondary, and tertiary 
amines, basic amino acids, and the lik Qo w&s a fo©lpful 
discussion ©f pharmaceutical salts, see So E2. ®erg® et al 0 , 
Journal ©f Pharmaceutical Sciences <SSsi=i9 the 
disclosure of which is hereby incorporated by reference,, 

35 Polynucleotides for injection, a preferred route @f 

delivery, may be prepared in unit dosage form in ampules, 
or in multidose containers . The polynucleotides may be 
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present in fBUch forms as suspensions, solutions , or 
emulsions in oily ©r pr®f®rably agusous vehicles, 
alternatively, th© polynucleotide ©alt aay be in 
lyophilised foam fer ree©nstituti©n, at fca© time ©f 
5 delivery, with a suitable vehiel®, ©ueh as sterile pyrogen- 
fr®© wat®r„ Both liquid a® wall as ly©philis®d forms that 
ar© t© lb© reconstituted will ©©apris® agent®, preferably 
buffer®, in aaounts necessary t© suitably adjust th© pH of 
th© inj@et®d ®oluti@no J?@r any parenteral us®, 

10 particularly if the formulati@n is to b® administered 
intravenously, the total c©neentrati@n ©f s@lute® ®h©uld be 
controlled to make the preparation isetenic, hypotonie, ©r 
weakly hypertenic. Nonienic materials, such as sugars, are 
preferred for adjusting tonieity, and sucrose is 

15 particularly preferred. Any @f these forms may further 
comprise suitable formulatery agents, such as starch ©r 
sugar, glycerol or salin® 0 She esmp©siti©n® p®r unit 
dosag®, whether liquid ©r solid, say centain fr@® o.lft to 
S9% of polynucleotide material . 

20 raifes dosage ampules ®r aultidos® ©ontainers, 

in which th® polynucleotides ar© packaged prior t© us®, may 
coapris® an hermetically s©al®d container ®nel@sing an 
amount ©f polynucleotide ©r ®oluti@n containing a 
polynucleotide suitable f©r a pharaaceutically effective 

25 dose th®r®ef, ar aultipl®s off an ©ffectiv® dose. Tha 
polynucl®otid® is packaged as a sterile formulation, and 
the heraetically sealed container is designed to preserve 
sterility ©f the formulation until us®, 

She container in which th® p©lynuel@otid® is packaged 

30 is lab®l®d, and th© label b©ars a notice in th© f©ra 
pr®serib®d by a governmental agency, for ©sample th© Feed 
and Drug &dainistrati©n, which notice is r®fl®etiv® of 
appreval by th® ag®ncy under federal law, of th® 
aanufaetur®, use, ©r sal© of th® polynuclaotid© material 

35 therein for human administration . 

Federal law requires that th© us© ©f pharmaceutical 
agents in the therapy of humans be approved by an agency ©f 
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the Federal government. Responsibility for enforcement is 
the responsibility of the Food and Drug administration, 
which issues appropriate regulations for securing such 
approval, detailed in 21 u.g.c. 301-3©2. Regulation for 
5 biologic material, comprising products made from the 
tissues of animals is provided under 42 U.S.e 2S2. Similar 
approval is required by most foreign countries . 
Regulations vary from country to country, but the indivdual 
procedures are well Jsnown to those in the art. 

10 flfifi&ffle and Route og M®$M$MK§&$m 

She dosage to be administered depends to a large 
extant on the condition and sis® of the subject being 
treated as well as the frequency of treatment and the route 
of administration. Regimens for continuing therapy, 

15 including dose and frequency may be guided by the initial 
response and clinical judgment The parenteral route of 
injection into the interstitial space of tissues is 
preferred, although other parenteral routes, ssueh as 
inhalation of an aerosol formulation, may be required in 

20 specific administration, as for example to the mucous 
membranes of the nose, throat, bronchial tisues or lungs . 

in preferred protocols, a formulation comprising the 
naked polynucleotide in an aqueous carrier is injected into 
tissue in amounts of from 10 pi per site to about l ml par 

25 sit®. she concentration of polynueleotid® in the 
formulation is fro® about 0.1 jjg/ml to about 20 mg/ml. 
Regulatio n of 

Just as m& based gene transfer protocols require 
appropriate signals for transcribing (promoters, enhancers) 

30 and processing (splicing signals, polyadenylation signals) 
the mRBJ& transcript, mRm based T&S requires the appropriate 
structural and sequence elements for efficient and correct 
translation, together with those elements which will enhance 
the stability of the transfeeted mRBJ&. 

35 in general, translational efficiency has been found to 

be regulated by specific sequence elements in the 5" non- 
coding or untranslated region (5'UXR) of the RM&. Positive 
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sequence motifs include the translational initiation 
consensus esequsnc® (GCCJ^cqfiagG (Kosa&, B3uel®i<B &eids 
&©s.X5s8l25 (1987)) and the 5 6 7 methyl ©pppG cap structure 
(Drumaond ®t al., isueloic &eldl© i&s®. 1357375 (1985)). 
S Negative elements include stable intramolecular 5' TOR 
stea-loep structures (Huesing ®t al., ©all 48.691(1987)) 
and adg sequences or snort open reading 2 raaes preceded by 
an appropriate &U© in ta© 5* TOR (Kosak, Sassa, Sao et al., 
Etolo ©ad ©silo Ei@lo ©8284 (1988) Jo la addition, certain 
10 sequence motifs such as the beta glebin 5" TOR may act to 
enhance translation (when placed adjacent t© a heterologous 
5" TOR) by an unknown mechanism. Ehere are also examples 
of specific 5* TOR sequences which regulate eukaryotic 
transnational efficiency in response to environmental 
15 signals. These include the human ferritin 5" TOR (Hentze 
et si., l?r®Co JSTatlo &©ado Seio ®4s6730 (1987)) and the 
drosophila &SS 7 0 5> TOR (Klemenz ©t al., mm aroursaal 
4s 2053 (1985)). Finally, there are viral 5" TOR sequences 
which are able to bypass noraal cap dependant translation 
20 and translational controls and mediate ann efficient 
translation of viral or chimeric mRW&s (Bolph et al„, @s 
Virol. (52.2059 (1988)), Pelletier and Sonnenberg, Mature 
334, 320 (1988)). MRN&. based TQT protocols must therefore 
include appropriate 5' TOR translational elements flanking 
25 the coding sequence for the protein of interest. 

In addition to translational concerns, ®RM& stability 
must be considered during the development of mm based TQT 
protocols. as a general statement, capping and 3" 
polyadenylation are the major positive determinants ©f 
30 eukaryotic aRNA stability (Drumaond, ®sss&? Boss, DML 
®i@lo Bed. Ss 1(1988)) and function to protect the 5' and 3" 
ends of the mm from degradation. However, regulatory 
elements which affect the stability @f ©ukaryotic aRMAs 
have also been defined, and therefore must be considered in 
35 the development of aRNA TGT protocols. The most notable 
and clearly defined of these are the uridine rich 3' 
untranslated region (3' TOR) destabiliser sequences found 



20 



25 



30 



WO 90/11092 PCT/1US90/Q1S1S 

=45= 

in aaay short half~lif® aims (Shaw and %$mm ©all 4® 8 659 
(3.986)), although th®r® is svitoe® that th®sa a?® mot th© 
only s©gu@ne® aotifs whieh rasult ia asm destabilisatioa 
(Kabaick Mousaaa, em. 0 ML aiol„ © S 3244 (3.988)). 
5 In additioa, sp®eifio ragulatery s©<pi®ae©s whieh aedulat© 
eellula* am half lif® ia raspoasa t@ OTirsaa@ntal 
stimuli hav© also b®®n dsaeastratado a®s© inelude th® 
®strogea aediatad aedulatioa ©f Witallegeaia am stability 
(Brook aad Shapiro , ©all 34s2©7 (3.983)), the iroa dapaadaat 
10 re^latioa of traasfarrin raeeptor n stability (Mta 
and Kuha, o@3UL g3§8ii (1988)) whieh is to t® a spaeifi© 3* 
TO aotif, the prolaetia aadiatad ©oatr©l ©2 easeia asm 
stability (Guyetta ®t al., ©sll »s 3.013 (1989)), the 
regulati©a of Fibroaestia asm stability ia rsspense to a 
15 auab®r of stimuli (Baaa at el., 3! 0 <g®li 0 MAo W<Ss2 i S 9 
(1988)), and the ooatrol of Histoa® aSHA stability (Graves 
at al., cassis (1987)). Finally, jrast as viral m 

segu®ae®s hav® avolvsd which bypass noesaal aukaryotie asm 
translational controls, liters® SQa © vieal TO sequences 
saaa to b® abl® to confer stability ia the abs®ae® of 3' 
polyadenylation (KeGrae aad ueodland, ®se> 0 ^r e © 2 Mochaa. 
IKS? 467 (1981)). soa® s% sueh as bb, aeeordiag to 
Example 21, are knewa to fuactioa without a cap. Uhi® 
eaeepheay of stability aodulatimg eleaeats must als© b© 
carefully eoasider©d ia developing asm based T&B protocols, 
and ©an ba used to aodulat® th® affect @f aa asm tr®ata®at. 
^BO Pffae°f©Fmiag materials 

She seiane® of feraing lip@s@aes is a@w wall 
developed. Liposomes ar© uailaaellar or Multilamellar 
vesicles, haviag a a®abraa© pertien formed of lipophilie 
aatarial aadl aa iat©rior aepeous portion. She agueeus 
portion is used ia th® presaat imveatiom to ©eataia the 
polynucleotide aatarial t© be delivered to th© target mil. 
It is preferred that th® liposoa® forming materials 
35 uses h®z®in have a eationie group, sueh as a guateraary 
aaaoaium group, aad ©a® or a©r® lipophilie groups, such as 
saturated or unsaturated alkyi groups haviag from about 6 
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to about 30 carbon atoms. One group of suitable materials 
is described in European Patent Publication No. 0187702. 
These materials have the formula: 

p3 

5 R 1 0CH 2 -CH- ( CH 2 ) n -N+-R 4 X" 

OR 2 R 5 

wherein R 1 and R 2 are the same or different and are alkyl 
or alkenyl of 6 to 22 carbon atoms, R 3 , r 4 , and r5 are the 
same or different and are hydrogen, alkyl of l to 8 
carbons, aryl, aralkyl of 7 to 11 carbons, or when two or 
three of R 3 , R 4 , and R 5 are taken together they form 
quinuclidino, piperidino, pyrrolidino, or morpholino; n is 
1 to 8, and X is a pharmaceutically acceptable anion, such 
as a halogen. These compounds may be prepared as detailed 
in the above-identified patent application; alternatively, 
at least one of these compounds, N-(2,3-di-(9-(Z)- 
octadecenyloxy) ) -prop-l-yl-N,N,N-trimethylammonium chloride 
(DOTMA) , is commercially available from Bethesda Research 
Laboratories (BRL) , Gaithersburg, Maryland 20877, USA. 

These quaternary ammonium diether compounds, however, 
do have some drawbacks. Because of the ether linkages, 
they are not readily metabolized in vivo. When long-term 
therapy is contemplated, there is some possibility that 
these materials could accumulate in tissue, ultimately 
25 resulting in lipid storage disease and toxic side effects. 
Accordingly, a preferred class of compositions for use in 
the present invention has the formula: 

R 1 COOC»2-CH-(CH2)n-N + -R 4 JT 
30 O0OR 2 R5 

wherein R 1 and R 2 are the same or different and are alkyl 
or alkenyl of 5 to 21 carbon atoms, R 3 , r 4 , and r5 are the 
same or different and are hydrogen, alkyl of l to 8 
carbons, aryl, aralkyl of 7 to 11 carbons, or when two or 
three of R 3 , R 4 , and R 5 are taken together they form 
guinuclidino, piperidino, pyrrolidino, or morpholino; n is 
1 to 8, and X is a pharmaceutically acceptable anion, such 
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as a halog®n. Sh®s© compounds aay be prepared using 
conventional technique®, such as nuelaophllie substitution 
involving a carboxylie acid and an alkyl h&lifi©, by 
transesterificatien, or by condensation @f an alcohol with 
5 an acid or an acid halid®. 

a &©r®ov©*r, many suitable lip©s©ae=f©saing catienic 
lipid cempounds a?® described in the literature. s@®, 
e.g., L. Staaatatos, ®t al.„ 3£©ch©BiiBfcjzy 37s39i7~392§ 
Cases)? H„ 2ibl, at al„, ESisghytsical QtaistES' a@§2<81~§7i 
10 (1979). 

Xtiaosoae Preparatio n, 

Suitabl® liposomes for tas® in the present invention 
ar® commareially available, Bem& liposomes, for example, 
ar® available under the trademark Lipofectin fro® Sethesda 

15 Research Labs, Gaithersburg, ESarylaad. 

Alternatively, liposomes ©an b® prepared froa readily- 
available or freshly synthesized starting materials of the 
fcyp© previously described. The preparati©n @f m$M? 
liposomes is detailed in Example «. Preparation ©f Wtm. 

20 liposomes is ©xplainsd in the literature, see, e.g., p. 
Feigner, et ial„, be®s 0 KTat'l &cad 0 g e & 0 ©-3 §7413=7417. 

Similar methods can be used to prepar® liposomes from @th®r 
cationic lipid materials. E2or®ov@r, ©onventi®nal liposome 
forming mat®rials can b© used t© pr®par® liposomes having 

25 negative charge ©r n®utral charge. Such materials include 
phosphatidyl choline, cholesterol, phosphatidyl- 
©thanolaain®, and the like. ^h®s® materials can als© 
advantageously be mixed with the BOT&P or mm& starting 
materials in ratios from Q§ to about 7S$„ 

30 Conventional methods ©an b© used to prepar® ©th®r, 

noncationie liposomes. she®® liposomes do not fus® with 
cell mils as readily as cationic liposomes. Kfow®v®r, they 
ar® taken up by macrophages in vivo, and ar® thus 
particularly ®ff®ctiv© for dalivery of polynucl®otld® t© 

35 these cell®. For ©xaapl®, commercially dioleayl- 
phosphatidyl choline imwc) , dioleoylphosphatidyl glycer©! 
(DOPG), and dieleoylphosphatidyl ©thanolaain® {mm) can be 
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used in various combinations to sake conventional 
liposomes, with or without the addition of cholesterol, 
Tims e for ©sample, BOPS/BOPe v©siel®s ©an b® prepared by 
drying SO ag ©aeh of BOP© and BOPe under a stream of 
5 nitrogen gas into a ©onieation vialo <m® ®ampl® i© placed 
under a vacuum pump overnight and is hydrat®d th@ following 
day with deienissd water. Th& sample is then sonicated for 
2 hours in a sapped vial, using a Beat Syst®ms model 350 
sonieator ©quipped with an inverted ©up (bath typ®) pr©b© 

10 at the maximum setting while the hath is circulated at 
15° Co Alternatively, negatively ©harg®d vesicle® ©an he 
prepared without sonieation to produe® multilamellar 
vesicles or by ©xtrusion through nucl©epor© membranes to 
produce unilamellar vesicles of discrete sis® 0 other 

15 methods are Jtnewn and available to those ©f skill in the 
arto 

She present invention is described below in detail 
using the 23 ©samples given below? however, th® methods 
described asr® broadly applieabl® as d©scrib©d herein and 
20 are not intended to b© limited by the lsampl®s 0 

SX&&PL1 Is BREBftBAXXOH OF LXPOSOSaE-FOESKENG DOW 

She eationic liposom©°fo?®ing material 1,2= 
bis(oleoyl©3«yJ-3=(trimethylammonio>propane (BOT&P) is 

25 prepared as reported by ho Stamatatos, ©t al„ (supra) or Ho 
Sibl, et alo (supra) o 

Briefly, Stamatatos, et alo report that 1 mmol of 3= 
bremo=l,2=propan®diel (Mdrieh) was aeylated for 48 hours 
at 20°e with 3 mmol of ©l@yi chlorid© (freshly prepared 

30 from oleic acid and ©ssaloyl chloride) in dry, aleohol°frae 
diethyl ether (20 ml) containing 5 mmol ©f dry pyridine » 
The precipitate of pyridinius hydrochloride was filtered 
off, and the filtrate was concentrated under nitrogen and 
redissolved in 10 ml of hesan®„ She h©xan® solution was 

35 washed 3 times with an equal volume ©f Isl methanol/0 D l SJ 
aqueeus weooKa, pH 3o0, 3 times with Isl methanol/0 .1 SJ 
aqueous MaOH, an dl time with 1% aqueous Had, Th® crude 
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3=broao=l,2=bis=(oleolylexy) propane was then stirred for 72 
hours in a ©©aled tub® wi th a solution of 15% 
triaethylaain® in dry diaethyl sulfoxide (30 si) at 25°C. 
Th® products of this rsectien to dissolve in chlorofora 
5 (200 al), union was repeatedly washed with isl aethanol/ioo 
m a ^ 8TOi racoon, pH 3.0, and then ®vap 9Z - a t®fi i a vacuo to 
yield a light yellow oil. This Material was purified ©n a 
eoluan of silicic aeid (Bio°Sil A, !i®-Ead Laboratories), 
©luting with a 0~1S§ gradient of aethanol in chlorofora to 
10 give the d®sir®d product in pur® fora at methanol . 

Eh© purified product was a colorless, viscous oil that 
aigrat®® with an R 2 of 9.4 on thin layer chreaategraphy 
plates (silica gel 6) that w®r® d®v®loped with 50sl5s5s§s2 
eHCl 3 /ae®tone/CH30if/eH3COOll/H2Oo 



20 



EXMPLE 28 PREPARATION OF PIASS8IDS FOR W&Zm Dm 
TEMPLATES FOR ANY OEMS OF INTEREST 



Suitable teaplate DNA for produetlon of asm eoding 
for a desired polypeptide aay be prepared in accordance 
with standard r®coabinant DNA aethodology 0 &® & as &<aen 
previously reported (P. Kreig, et al., Kfuclei© Acids to. 
1217057=7070 (1984)), a 5' cap facilitates translation of 
25 the aRNA. Moreover, the 3' flanking regions and the poly a 
tail are believed to increase the half lif® @f the aRNA la 

VlVOo 

The readily-available sps cloning vector pSPS4T 
provides 5' and 3> flanking regions f m 0-globin, an 

30 efficiently translated aRNA. The construction of this 
plasaid is detailed by Kreig, a * alo (TOpta) # ^ ^ 
incorporated by this reference. toy cBNA containing an 
initiation codon can be introduced into this plasaid, and 
aRN& can be prepared f roa the resulting teaplat® Dm. ' This 

35 particular plasaid can b© cut with BgUi to insert any 
desired com coding for a polypeptide of interest. 

Mthough good results can be obtained with pSPS4T when 
linearised and then transcribed in vivo with sps SNA 
polyaerase, w® prefer to use the senopus 0~globin flanking 
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sequences of pSP64T with phage T7 SNA polymerase. These 
flanking sequences are purified from pSP6«T as the small 
(epprox. 150 hp) Hindlll to EcoRI fragment. These 
sequences are then inserted into a purified linear 
5 Hindlll/geoRI fragment (approx. 2.Sk hp) from piBI 31 
(commercially available from International Biotechnologies, 
Inc., Newhaven, Connecticut 06535) with T8 M ligase 0 
Resulting plasmids, designated pXB©, are screened for 
orientation and transformed into s. e©2i„ These 
10 are adapted to receive any gene of interest at a 

Bglll restriction site, which is situated between the two 
xenopus 0=globin sequences. 
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EXAMPLE 3 8 PREPARATION OP PLASMID CODING FOR 
CHLORAMPHENICOL ACETYLTRANSFERASE 



A convenient marker gene for demonstrating in vivo 

20 expression of exogenous polynucleotides is chloramphenicol 
aeetyltransferase, CAT. A plasmid pSP-CAT containing the 
CAT gene flanked by the xenopus /J-globin S" and 3' 
sequences was produced by adding the CAT gene into the 
Bglll site of pSP64T« We used CAT gene in the form of the 

25 small BamHl/Hindlll fragment from pSV2~CAT (available from 
the American Type Culture Collection, Roekville, Maryland, 
Accession No. 37155). However, the CAT gene is commonly 
used in molecular biology and is available from numerous 
sources. Both the CAT BamHI/Hindlll fragment and the 

30 Bglll-cleaved pSP64T were incubated with the Klenow 
fragment to generate blunt ends, and were then ligated with 
T4 DNA ligase to form pSP-CATo 

The small Pstl/Hindlll fragment was then generated and 
purified, which comprises the CAT gene between the 5' and 

35 3' 0-globin flanking sequences of psP@<9T. pl®13i 
(International Biotechnologies, Inc. J was cleaved with PstS 
and Hindlll, and the long linear sequence was purified. 
This fragment was then combined with the CAT-gene 
containing sequence and the fragments were ligated with T<9 
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DMA ligase to fera a plasaid designated pS7CAT An. Clones 
are selected on th® basis of 0°galactosidase activity with 
Xgal and aapicillin resistance. 

5 SXAS3PLE 4 s PREPARATION ©W PURIFIES 0NA Tm^MTE 

The plasaid DM froa Sssaapl® 3 is grown up assd 
prepared as par Sfeniatis (supra), except without OTAse, 
using 2 egei spin® t© raaove bacterial IMA. Specifically, 
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coll containing pT7CAS An froa Sssaapi® 3 was grown up in 
10 aapieillin-eontaining m sediua. She c ®lls war® th®n 
palleted by spismiag at 5000 spa for io ain. in a Sorvall 
RC-5 centrifuge (g,z. DuPont, Burbank, California 91510), 
r©suspend®d in cold SE, pH §.0, centrifuged again for 10 
ain. at sooo rpa., r®suspend®d in a solution of so ®m 
glucese, 25 a?3 Sris-Cl pH 8.0, io m EBSA, and 40 ag/al 
lysosya®. After incubation for 5 to io ainutes with 
occasional inversion, 0.2 M SJaOSS containing 1% sos was 
added, followed after 10 ainutes at 0° e with 3 E3 potassiua 
acetate and 2 ss acetic acid. After io aor® ainutes, the 
aaterial was again centrifuged at 6000 rpa, and the 
supernatant was reaoved with a pipet. she pellet was then 
aixed into 0.6 vol. isopropanol (=20° e), aixed, and stored 
at =20° c for 15 ainutes. she aaterial was th®n 
centrifuged again at 10,000 rpa for 20 ain., this tiae in 
an HB4 swinging bucket rotor apparatus (Su?©^, SU pra) 
after which the supernatant was r®aoved and the pellet was 
washed in 70% EtOH and dried at rooa teaperatur®. mxt, 
the pellet was resuspended in 3.5 al SB, follow®d by 
addition of 3.4 g CsCl and 350 & ©f S Mf/al EmSo a@ 
resulting aaterial was placed in a guiek s®al tube, filled 
to the top with aineral oil. a© tub® was spun for 3.5 
hours at 80,000 rpa in a Wi80 centrifuge ([Beckaan 
Instruaents, Pasadena, California, §10513). Sh® band was 
reaeved, and the aaterial was eentrifuged again, aaking up 
35 the volua® with' 0.95 g CsCl/al and 0.1 al or 5 ag/al 
ItBr/al in SB. she 2tBr was then extracted with an equal 
volume of SB saturated SJ-Butanol after adding 3 voluaes of 



WO 90/11092 PCT/US90/01S15 

=52= 

SB to the band, diseasing the upper phase until the upper 
phase is clear. Blest, 2,5 vol, BtOH was added, and the 
material was precipitated at =20 c for 2 hours, she 
resultant DN& precipitate is used a® a DMA template for 
5 preparation of sKSJA i a vitro. 



EX&EJPLB 5 s PKEP&K&SlOBy OF m&BJA FOR SR&SJSFICSIOSS 

10 she wm from Issamplo 4 was linearised 

the poly a tail with a 5-fold excess @f pg£^ 
linearised m& was then purified with two phenel/ehloroferm 
esstraetiens, f ©Hawed by two ©hl©r©f®rm eastraetiens, m& 
was then precipitated with BJaOJke (9,3 S3) and 2 volumes of 

15 BtOH, She pellet was resuspended at about 1 mg/ml in DEP- 
treated deienised water, 

Neaet, • a transcription buffer was prepared, comprising 
400 m Sris SCI (pH 8.0), 80 mB3 £3gCl 2 , 50 m DSS, and 40 ass 
speraidineo Then, the following materials were added in 

20 order to @ne volume of DIP=treated water at ro©m 
temperatures i volume S7 transcription buffer, prepared 
above? r&SP, res?, and rUSP to l m concentration? rGSP t© 
0o5 m e©ncentrati©n? 7ae<3(5')ppp(5')e cap analog pew 
Bngland Bi©labs, Beverly, SSassachusetts, 0X951) to 0,5 m 

25 concentration? the linearised DMA template prepared above 
to ©,5 mg/ml concentration? WS&sin C^omsga, Madison, 
Wisconsin) to 2000 tr/ml concentration? and S7 W& 
polymerase $W.B, Biolabs) to 4000 U/ml concentration, 

Shis aiasture was incubated for 1 hour at 37 e, she 

30 successful transcription reaction was indicated by 
increasing cloudiness of the reaction miastur®, 

Following generation ©f the asm, 2 u &Q1 
(Promega) per microgram ©f Dm template used was 
was permitted to digest the template for 15 minute© 

35 the ws& was eastraeted twice with ehlorof©rm/ph<s 

twice with ehlereform, She supernatant was precipitated 
with 0,3 £3 BJao&e in 2 volumes of BtOH, and the pellet was 
resuspended in 100 pi DBP=treated deionised water per 500 
pi transcription product, Shis solution was passed over an 
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aNAse-free Sephadex 650 column (Boehringer BJannheia (fxoo 
411) o The resultant aRHfc was sufficiently pure to be used 
in transfeetien of vertebrates ia vivo. 

5 

SS PREPARATION OF LIPOSOMES 

& number of liposoae preparation aethod® ©an be used 
to advantage in the practise of the present invention. One 
10 particularly preferred, liposoae As aade fr©a EOTAP a® 

fOllOH® g 

A solution of 10 dioleoyl phosphatidylethanolaaine 
V?B) and 10 ag botap (froa lasaapl® 1 al ©hlerofora is 

evaporated to dryness under a streaa of nitrogen, and 
15 residual solvent is reaoved under vaeuua overnight. 
Liposoaes are prepared by resuspending the lipids in 
deionised water (a ml) and sonicating to clarity in a 
closed vial, These preparations are stable for at least 6 
aonths. 

20 Polynucleotide eoapleses were prepared by mixing 0.5 

al polynucleotide solution (e.g., froa Example 5) at 0.4 
ag/al by slow addition through a syringe with constant 
gentle vortexing to a 0.5 al solution of sonicated BOTM/PS 
or BOTAP/PE liposoaes at 20 ag/al, at rooa teaperature. 

25 This procedure results in positively charged ©oaplexes 
which will spontaneously deliver the polynucleotide into 
cells ia „ ivo . Different ratios of positively charged 
liposoae to polynucleotide ©an be used to suit the 
particular need in any particular situation 

30 Alternatively, as reported by Feigner, et al. (supra), it 
may be advantageous to dilute the polynucleotide (DMA or 
MA) with Steps® buffered saline (150 ass mcig 20 m Hepes, 
PB 7.4) prior to combining the material® to spontaneously 
fora liposoae/pelynucleetide ©capites, m many instances, 

35 however, the use of solution® having low ionic strength 
(such as sucrose) instead of saline solution is believed to 
be preferable? in particular, it is believed that such 
solutions facilitate delivery of polynucleotide to the sell 
by ainiaising precipitation of polynucleotide/lipid 
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5 LZPOSOMLLY INTRODUCED aKS8A IS? T18B ms 

The ability ©f aKM ceding for chloraaphenieol .acetyl 
transferase (GAT) to transffeet eells in vivo aa< a th® 
subsequent expression of toe e&T pr®tein was demonstrated 

10 by directly injecting 9.200 al ©f ®aefc ®f the f ©Emulations 
below, prepared a® indicated, int© the abdea&nal susel© ©f 
rats, forming a bleb, six replicates @f ®aeh feraulatien 
were tested . After 12 t© 1% h, the segment @f the 
abdeainal susel® into which the injection was mad®, 

15 weighing approximately o.l to 0.2 grass, was excised, 
minced, and placed in a 1,5 ml disposable mortar {Pontes, 
EJerton Grove, Illinois) together with 200 pi ©f the an 
agueous formulation having the following ©emponentss 20 aM 
Tris, pH 7c <Sg 2 aBS 5Sgei 2 ? and o.lft Triten 3M.00 surffaetant, 

20 Ta© contents ©f the aortar were then ground for i ainut® 
with a disposable pestle. Th® aortar was then severed 
(with Paraf ila) and placed in a l lit®r Parr cell disrupter 
boab (Parr Instrument Company, Holism, Illinois) and 
pressurised to 6 ataospheres with nitrogen at 4°@„ After 

25 30 minutes, the pressure was guiekly released t© disrupt 
the tissue and produce a crude lysate, The lysate was then 
centrifuged in a aierocentrifug® at 13,000 rpa, for 10 

minutes. The supernatant was then decanted and stored at° 
20 °e until analysed. 

30 The lysates were then assayed for the presence ©f the 

CAT protein by thin°layer chromatography. First, 75 pi ®f 
each sample (the supernatant prepared above) was incubated 
for two hours at 37°6 with 5 pi c*« chloraaphenie©! 
(Aaershaa)? 20 pi 4 aM Acetyl e©A? sind 50 pi a. h Tris, pH 

35 7.3. Thereafter, 20 pi ©f 4 aH Acetyl <SoA was added, and 
the aixtur® was again incubated for 2 heurs at 37°c 0 The 
resulting solution was extracted with l al EtOAc, and the 
organic phase was removed and ly©philis®d in a vacuum 
centrifuge (SpeedVac, Savant Co.). , The pellet 
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resuspended in 20 ^1 EtOAe, and was spotted ©at© a silica 
gel tain layer ehroaategraphy plat©, Eaa plat© was 
developed for -as aiautes in ©5% ehlor©fera/5ft aethenol, was 
dried, aad was sprayed with a sradieluaiaeseeat iadieater 
5 (Sahaace Spray for Surface Radiography, EJew Bagland Nuclear 
S©rp 0 )o Th& plat® was thea ®andwieh®d with Kodak MRS film 
with ©vernight @gp@©ar© at =79 °@, aad the fiia was 
developed per aanufaeturer's instrueti@na5o Sa® fellowing 
results were obtained s 

10 

(SJo. positive/total) 

1. 1 al ©ptiaea?37.5 #g E)02m &/& 

15 2. 1 al Optiaea? 15 *»g e&T m& 3 /« 

3. Formulation 1 plus 15 pg SAT RNA 1/1 

i° Sucrose? 37 o 5 pq BOTS3A? 15 pg CAT SNA 3 / S 

5. 10% Sucrose? 187 pg BOTOA? 75 pg SAT SNA g/| 

20 Optiaeas Serua=fr®e aedia (Gibeo Laboratories Life 
Technologies, inc, Grand Island, 14072J 0ffai£9ra ® s ' ii2e 

"^'oJSiSSJSK 1 ^ S ^** fie Research Labs, 

CAT KMAs Froa Ssaaple 5 

25 ^i«.«S!ff lat J°S! J 36 * 3 ® ^ ia BEPe-treated RWAse=fr®a water 
(International Biotechnologies, laco, New Haven, 6T 0M35). 



30 gpX20SROTSIEJ ®F SEW ^^EOTS 

A liposoaal formulation coataiaiag aSSJA codiag for the 
gpl20 protein of the HIV virus is prepared according to 
Examples 1 through 5, except that the gene for gpi20 

35 (pllle»v3»l froa the Aids Research and Reagent Prograa, 
National Institute of Allergy aad Infectious Disease, 
Recfcville, BSD 20852) is inserted into the plasaid pXB© in 
the procedure of Exaapl® 4 0 A voluae of 200 ^1 of a 
foraulati@a, prepared according to Exaapl® «, ©ad 

40 coataiaiag 200 ^g/al of gpi § 0 aSNA aad soo pg/al is a 
botap/fs ia lOfc sucrose is injected into the tail vein of 
aice 3 tiaes ia one day. At about 12 to 14 a after the 
last injection, a segaeat of auscle is removed froa the 
injection site, and prepared as a cell lysate according to 
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Example 7. *The HIV specific protein gpi20 is identified in 
the lysate also according to the procedures of Example 7, 

The ability of gp!20 antibody present in serum of the 
aSNA vaccinated sice to protect against HIV infection is 
5 determined by a HT4°se plague reduction assay, as follows? 

HT4-6C sells (OD4+ HeLa sells) are obtained from 9r« 
Bruce ehesebro, (Rocky fountain SJational JLab, Kientana) and 
grown in culture in m aedia (BRL, ©aithersburg, WD) . 
The group of sells is then divided into batches . Some of 

10 the batches are infected with HIV by adding approximately 
10 s to 10« infectious units ©ff Hiv to approximately 10? 
HT4-6C cells . other batches are tested for the protective 
effect of gpi20 immune serum against HIV infection by 
adding both the HIV and approximately so ^1 of serum from a 

15 mouse vaccinated with gpi20 am. After 3 days of 
incubation, the cells of all batches are washed, fixed and 
stained with crystal violet, and the number off plagues 
counted. The protective effect of gpiso immune serum is 
determined as the reduction in the number of plagues in the 

20 batches of cells treated with both gpi20 aSMA-vaecinated 
mouse serum and HIV coapared to the number in batches 
treated with HIV alone . 



35 



sei© moss m%m wef qmja mmmsn my mw m&x&mm 

Severe combined immunodeffieient mice (8CXD mice 
(Molecular Biology Institute, (MBX), La Jella, <£& §2037)) 
30 were reconstituted with adult human peripheral blood 
lymphocytes by injection into the peritoneal savity 
according to the method of hosier (hosier at al., DSatsar® 
335s 256 (1988)) . Intraperitoneal injection ©f 4®® to €®o® 
infectious units of HIV-1 was then performed., The mice 
were maintained in a J?3 level animal containment facility 
in sealed glove boxes 0 

HBH* coding for the aef protein if HIV was prepared by 
obtaining the asf gene in the form of a plasmid (pGM92, 
from the MAID, Rockviile, EH) 20852)? removing the aaf 
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gene from the plasmid,- inserting the aa f gs]as in ^ pS3G 
plassid for transcription? and! purifying the transcription 
product nmt mKMA as described in Examples 3 through 5. she 
a«f ®SS?A was then incorporated into a formulation according 
5 to Example So 200 microliter tail vein injections of a 10% 
sucrose solution containing 200 ug/al SJSF 88JA and 100 ug/ml 
isl DOSAPsDOPS (in a^A/liposome complex g e5Esa > wssra 
performed daily ©n experimental animals, while control 
animals were likewise injected with aBJA/Hp@s@me complexes 
10 containing §00 ug/ml yeast mm and soo ug/al m 
BOTAP/bope liposomes. At 2, 4 and 8 week® post injection, 
biopsy specimens were obtained from injected lymphoid 
organs and prepared for immunohistoehemistry. At the same 
tiae points, blood saaples were obtained and assayed for 
15 p24 levels by means of an ELXSA kit (Abbott Labs, Chicago, 
1L) and virus titer by the plague assay of Example 8 
immunostaining for H1V-1 was performed as described 
(Wamikawa et al„, science 342:1684 {1988)) using polyclonal 
serum from a HIV infected patient. Positive cells were 
counted and the number of infected cells per high power 
field (400x) were determined. Using these assays, at least 
a 2 fold reduction in the number ©f positive staining cells 
was observed at 8 neeks, and titer and p24 expression was 
reduced by at least 50% . Together, these results indicate 
25 a moderate anti-viral effect of the (i a V ivo) treatment. 

A volume of 200 *l of the formulation, containing 200 
*g/ml of aef mSMA, and 500 ^g/ml M bosaPsBope in loft 
sucrose is injected into She tail vein of the human stem 
cell-containing S620 mice 3 times in one day. Following 
immunisation, the mice are challenged by infection with an 
effective dose of SXV virus. Samples of blood are 
periodically withdrawn from the tail vein and monitored for 
production of the characteristic HXV protein p24 by .an 
ELISA kit assay (Abbott Labs, Chicago, XL) . 
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Sh® full°length segusne® for th® ©Dm @f th® human 
5 adenosine deaminase (ADA) g®n® is ©btain®d fees th© 1,300 
bp SeeRl=AeeX fragment of elon® ADA 211 J Adrian, ©. at al» 
Kfol. Cell ®i@l 0 4 s 173.2 (1984) c St is blunt~®nd®d, ligat®d 
t© SgXIX linkers and then digested with Sglll. She 
modified fragment is inserted irate th® Sglll sit© ©f pXBg. 

10 am sHHA is transcribed and purigi®d aeeerding t@ Ussamples 
2 through 5, and purified ADA aKBJA is incorporated iat@ a 
foraulati©n according to Sssampl® <s„ ®alb 3S3 sic® ar® 
injected directly in the tail vein with 200 pi @ff this 
formulation, containing 200 j»g/ml @f ADA mm, and 

15 500 pg/mi DOTAP in 10% sucrose. 

The presence of human ADA in the tissues of the liver, 
skin, and ausel© ef the sic® is confirmed by an isoelectric 
focusing (11F) procedure. Sissu© extracts were 
@l®ctrofoeus®d between pH 4 and 5 on a non=denaturing gel. 

20 She g®l was then stained for in situ ADA activity as 
reported by Valerie, D. ©t al. mn® 31s 137=143 (1©§4). 

A preliminary separation ©f human and non-human ADA is 
carried ©ut by fast protein liquid chromatography (FP1S) . 
She proteins are fractionated ©n a Pharmacia (Piseataway, 

25 m) KonoQ column (HR5/5) with a linear gradient from 0.95 
to 0.5 S3 SCI, 20 m Sris (pH 7.5). Activity for ADA within 
the fractions is measured by reacting the fractions with 
^C-adenosin® (Amersham, Chicago, EL) which is converted to 
inosine. Shin layer chromatography (®.i h &aPi pH <§.8 

30 saturated ammonium sulfatesn=propylalc©h©l/l®o§S©82) is 
used to separate the radioactive inosine from th® substrat® 
adenosine. 



35 EXAHPLg lis S28 VTVO EXPRESSION OF FE®E OTA AND DB8A 
INJECSED DXSE6SLY IKS© TBE E30SCSES OF EH 61 

Sh® quadriceps muscles ©f mice w®r® in j acted with 
either 100 ^ grams of pKSVCAS DSSA plasmid ©r 100 pgrams @f 
40 0gCAS0gA n SWA and the muscle tissue at the injection site 
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later tasted for ChT activity, 

Fiv® to sis week ©id faaal© and aal® Balb/e sice were 
anesthetized fey intraperitoneal injection with 0,3 al of 
2,5S Avertin, a 1.5 ea incision was aad® on th® anterior 
thigh, and th® quadriceps ausele mi© directly visualised, 
The DMA and SWA were injected in 0.1 sal of solution in a 
ice syringe through a 27 gaug® needle over on® ainute, 
approxiaately ©,5 ea fro® th® distal insertion sit® of the 
ausel© into th® Ira®® and about 9„2 ©a deep, a suture was 
placed over th® injection sit® for futur® localisation, and 
th© skin was th®n elos®d with stainless stael slips 0 

3T3 sous® fibroblasts were also transfected in vitro 
with 20 ^g of mh @Sf mh cempl(a2£@(a wAfch so ^ Qf 
Lipofeetin" (SSL) in 3 al ©f 0pti=S3aa* (gibe©), under 
optical conditions deseribed for th®s® calls (Maloa©, r. at 
al ° tod - Sc l. B§ & S6s6077~6082(1989), She 

saae fibroblasts were also transfected using ©aleiua 
phosphat® according to th® proe®dur@ d®scribed in Ausubal 
at al,(Eds) fiBssaas Protocols i« !aa i<BS H3 > as VtW, Jehn 
20 Wiley and Sons, Mew York (1989) . 

The pRSVOkT dm plasaid and 0gCAT/jg& a m& war® 
prepared as described in th® pr®c®ding exaaples, Th® m& 
consisted of the chloraaphenieel acetyl transferase (C2kT) 
eoding sequences flanked by 5' and 3> /3~globin untranslated 
25 sequences and a 3' poly°& tract, 

Ktusele extracts war® pr®par®d by ©seising th© entire 
guadriesps, aineing th® ausel® into a l„s al aierotub® 
eentaining 200 „i ©f a i y ®i s solution (20 m 2ris, p& 
2 m £Jgei 2 and 0,2% Triton X) , and grinding th© ausel® with 
30 a plastic p®stl® (Kontes) for on® ainute, in ©rd®r to 
©nsur® soaplat® disruption of th® ausele cell®, th® ausel® 
tissu© was then placed under 600 psi of ® 2 in a boab (Parr) 
at 4°<e for 25 ain before releasing the pressure, 

fibroblasts w®r@ proe®ss®d similarly after th®y w®r® 
trypginised off the plates, taken up into aedia with serus, 
washed 21 with PBS, and the final cell pellet suspended 
into 20© „i of lysis solution, 75 „1 of the ausele and 



35 



WO 90/11 1092 PCT/HJS90/0SS1S 

fibroblast ®2£tracts t« assayed for <s&t activity by 
iaeubating th® reaction aixtures for 2 hours with e 14 ~ 
chloraapheaieol, followed by extraction and thin=layer 
chromatography, all as described ia Example 7„ 
5 Figur® 1 comprises autoradiograas froa two separate 

experiaeats showiag S&S activity withia extract® of the 
iajeeted quadriceps mu®el®®o 3toa® numbers appear at the 
top of the autoradiograas aad th® % chloramphenicol 
coav®r®ioa® ar® at th® feott©a 0 Sample locations ar® as 
10 follow® g 

Laaes 1 aad 13 g eeatrel fibroblast® 
Lanes 2 aad 14 g EJusele injected oaly with 5% sucrose 
Lanes 3 aad 13? 0 o 005 waits of aon=iajeet®d, purified Q&T 

standard 

15 Lane® 4 aad 16 g © o 05 units of purified CM? (Sigma) 

Laa®s 5 to 8g EJusel® iaj®cted with 100 nq ©f flerOkTflraJU 

RH& ia 5% sucrose ^ * 9 n 

Lanes 11, 12, 

aad 17 to 20g Muscle iajected with 100 pgrams jassvc&s? 
20 WS& ia 5% sucrose p ^ A 

Lanes 9 aad 10 g 20 *graas of Bge&Tfiq& n m&, lipofected, 

with SO pgrams of mrm, 0 into a 70S 
coafluant SO mm plat® of 3T3 cells 1 io» 1 
Laaes 21, 22 g 20 jsgrams of pRSVG&2 lipofected, with so 

W of BOSm, iato a 50% coaflueat so ®a 
plat® of 3T3 cell® ' ~ " ' 

Lanes 23, 24 s 20 pg of pRsvc&T ealciua 
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lipofected into 

a 50% coaflueat so ma plat® of 3T3 cells, 
CM? activity was readily detected ia all four 
iajectioa sites 18 hours after injection and ia all six Dm 
injection site® 48 hour® after iajectioa,. Extracts froa 
two of the four SM iajectioa sites (Figure 1, laaes S aad 
35 8} aad froa two of the sis m& iajectioa ®it®s (Figure l, 
laaes 11 aad 20) contained levels ©f car activity 
coaparable to the levels of ©kT activity obtained froa 
fibroblasts transiently transfeeted in vitz-o under ©ptiaal 
coaditioa® (JFigur® 1, lan®® 9, 10, 21=24) . <m® averag® 
40 total amount of e&T activity expressed in muscle was 960 pg 
for the Stt injections aad lis pg for th® DMA injeetionso 
The variability ia G&T activity recovered froa differeat 
ausel® sites probably represents variability iahereat ia 
the injection and extraction technique, since sigaificaat 
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variability was ©bserved when pur® CAT protein ©r pKSVGMf= 
transfected fibroblasts were injected into the auscle sites 
and iaaediately excised for aeagureaent @f @&T activity. 
CAT activity was also recovered froa abdoainal auscle 
5 injected with the m& or Wk CAT vectors, indicating that 
other auscle groups can taJfe® up aH d 
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12 s SITE ©F W TfTWQ HSKESS2©BJ ©F PUSS DK& 

XBSJ1CTED D2KE6TL¥ SBQI OTgeX^S ©F E3JC1 



The sit® of <u@ki® ©xpr®ssion in 
determined by utilizing the pKSVLae=2 Dm vector (P. 7ortoI 
and j. ©of fin i3alec. e e ii 5 o 283i02io (19B8)) 

expressing the S. coll 0-galaet©sidase gen® for injection 
and observing the in situ cytocheaieal staining of auscle 
cells for B. coll S=galactesidase activity. The quadriceps 
auscle of aice was exposed as described in the previous 
exaaple. Quadriceps auseles were injected ©nee with 100 pg 
20 of pSSvXAC=Z DM in 20% sucrose. s®ven days later the 
individual quadriceps auseles were reaoved in their 
entirety and every fifth is „a cross=seeti©n was 
histocheaically stained for #=galact@sidas® activity. 

The auscle biopsy was frosen in liquid BJ 2 =eeel®d 
25 isopentan®. is ^a serial sections were sliced using a 
eryostat and placed iaaediately on gelatinised slides. The 
slide were fixed in 1.5% glutaraldehyd® in pbs for 10 
ainutes and stained 4 hours for 0=galaetosidase activity 
(J. Price et al. gggmaS^L Acad, inn,. 8 « ? a5«=a«o 
30 (1987). The auscle was eounterstained with ©osin. 

The photographed sections (Figure 2) are as follows § 
(&) s Cross-section ©f control auscle inleefaadi w*«i° o 
solution containing only 20% sucrose „ SOS aagSilicationt ° 

35 lll„i C) <^ s Cross-seetions ©f a ausel® inieeted with 

«o p^cl?"!^^ 1 Mction oi anoa,re s » Iaol » inJ««*.a trtth 
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(E) (6) and* (H)g Serial cross=sections of the seme muscle 
that are 0,6 aa apart . 

Approximately 60 muscle cells of the approximately 
5 4000 cells (1.5ft) that comprise the satire quadriceps and 
approximately 10=30% of the cells within the injection area 
were stained blue (Figures 23, c, and D) . Control muscle 
injected with only a §0% sucrose solution did not show any 
background staining (Figure a*) . Positive 0=galactosidase 

10 staining within some individual musel® cells was at least 
1.2 as deep on serial @ross=seeti©ns (Figures 2F„ e, mtd 
IS), which say be the result of either trans feet ion into 
multiple nuclei or the ability of cytoplasmic proteins 
expressed from one nucleus to be distributed widely within 

15 the muscle cell. Longitudinal sectioning also revealed 0= 
galactosidase staining within muscle cells for at least 
400pm (Figure 22). In cells adjacent to intensely blue 
cells, fainter blue staining often appeared in their 
bordering areas. This most likely represents an artifact 

20 of the histochemical /9=galactosidase stain in which the 
reacted x=gal product diffuses before precipitating. 
Similar results are obtained with linear DMA. 

EXAMPLE 13 § D0SE=SESP0HSS EFFECTS OF RNA &JJD m& 
25 INJECTED INTO MUSCLES OF MICE 

Experiments with the firefly luciferase reporter gene 
(LUC) explored the effect of parameters of dose level and 
time on the total luciferase extracted from injected 
30 muscle. 

The MS& and Dm vectors were prepared, and the 
quadriceps muscles of mice injected as previously 
described. Muscle extracts of the entire quadriceps were 
prepared as described in Example u f except that the lysis 
35 buffer was lOOmM KPi pH 7.8, l mM BTT, and 0.1ft Triton X. 
87.5 (il of the 200 *sl extract was analysed for luciferase 
activity (j. de Wet <st al. Melee, eeii 
737(1987)) using an LXB 1251 luminometer. Light units were 
converted to picograms (pg) of luciferase using a standard 
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curve established by measuring the light units produced by 
purified firefly lueiferase (Analytical luminescence 
Laboratory) within control muscle extract. Sh® » and DMA 
preparations pries to injection did not contain any 
5 contaminating lueiferase activity . Control ausel® injected 
with 20% sucrose had a© d®t®etabl® lueiferase activity. 
All the above experiments wer® don® two to thr®@ times and 
specifically, the DMA tiae points greater than 40 days were 
don® thr®® tiaas. 

10 a® Figures 3 a to 3 c Ulaibsto th® results of the 
following s 

li?iJi«« i2, ^ aS ! ae f ivit y measured IB hours following the 
injection of varying amounts of pgssje^gA,* m& in 20 5 
sucrose and 4 days following the inj®etion ~ vLvine 
15 amounts of pRSVL in 20% sucrose varying 

3(B) Lueiferase activity assayed at varying times after 

lltSSw* S^fST" *"* lipofected into a mmion IS 

fibroblasts (Malone, 3a. et al. 2sS£Jst^U Acad seT n«a 
20 86s 6077=6081 (1989) , and after ^ of 5 q j g L /S 
20% sucrose were injected into guadrileps. n 

3(C) Lueiferase activity assayed at varvincr feira®s n 
25 pRSVL DMA was injected intramuscularly 0 ? 

Level Of Gene ggBSBgaj^B 

A dose-response effect was observed when quadriceps 
muscles were injected with various amounts of 0gLuc/3gA a m& 
30 or DMA pKSVL constructs (Figure 3A) . She injection of ten 
times more DMA resulted in luciferas® activity increasing 
approximately ten-fold from 33 pg lueiferase following the 
injection ©f io pg of DMA to 320 pg lueiferase following 
the injection of 100 pg of DMA. a® injection of tan time® 
35 more 3RMA also yielded approximately tan times more 
lueiferase. A million 3^3 mouse fibroblasts in a so mm 
dish were lipofected with 20 m ©f DMA or 3RMA completed 
with SO ^g of Lipofeetin ° (Bethesda Research Labs) in 3 ml 
of Qpti* (Sibco). Two day® later, the cell® *m 
assayed for luciferas® activity and the results from four 
separate plate® were averaged. twenty pg of pssvL DMA 
transfeeted into fibroblasts yielded a total of 120 pg of 
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luciferase (6 pg luciferase/pg DMA) , while 25 pg injected 
into suscle yielded an average ©f us pg ©f luciferase (4.6 
pg luciferase/pg OHfcr Figur® 3&). ^h® espressien froa th® 
SSTA vectors was approxiaately seven-fold aor® ®f f iei®nt in 
5 transf®et©d fibroblasts than in inj®et©d auseles. Twenty 
*»g of 0g&ue0g%i SSJA transfeeted into fibroblast© yielded a 
total of 450 pg of lueif®ras®, while 25 pg injected into 
auscl® yielded 74 pg of lueif erase (Figures 3& and 3B) . 
Based on th® aaount ©f ®m delivered, th® efficiency of 
10 ©apressian £r©a the sea v®et©rs was similar in botb 
transfeeted fibroblasts and injected suseles. 
^_yi^© bourse, of EtosrassiQ^ 

The tia® course was also investigated (Figures 33 and 
3C)„ Lueiferas® activity was assayed at varying tiaes 

15 after 25 pg of pgiMepgh n Mi& or 100 pg of pSSVL msk were 
injected. Following mh injection, the average luciferase 
activity reached a aaxiaua ©f 74 pg at 18 hours, and th®n 
guidsly deer®as®d to 2 pg at so hours. Sn transf®ct@d 
fibroblasts, the lueiferas© activity was aaasiaal at 3 

20 hours. Following BHS, inj©ction into auscl®, substantial 
amounts of lueiferas© wer® present for at least SO days. 

The data in Figure 3B suggest that lueiferas® protein 
and th© in vitzo m& transcript hav® a half -life ®f l®ss 
than 24 hours in auscl®. Therefore, th© persist@ne© of 

25 luciferase activity for SO days is not lllnly to b® due to 
th© stability of luciferase protein or the stability of th® 
in vivo mh transcript. 

14 g PERSISTENCE ©F B8J& JSJ WSGIM FOXXOBOTS 
30 XNJSCZXON AS DSTSSSmffiD BY SOOTffiM BLDT mSXlg 

Preparations of auscl® mm w®r® obtained fr@a control, 
uninj®et®d quadriceps ©r froa quadriceps, 30 days after 
injection with 3.00 pg ©f p^STO in 20% sucrose. Two entire 
35 guadrieeps auseles froa th® saae aniaal wer© pooled, aineed 
into liquid SJ 2 and ground with a aortar and pestl®. Total 
cellular DMA and mm supematants were prepared (F.H. 
Ausubel et al.(Sds) flwwrot Protocols in w Q wm ag ai^^* 
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John tJiley, SJew y©rk {1987). Fifteen ^g of the total 
cellular m& or 10 „1 out of the 100 ^1 of Ems supernatant 
were digested, run on a 1.0$ agarose gel, transferred to 
Mytran" (Schleicher and Schuell, ESew ff©rk) , using a 
S vaeublet apparatus (LKB) and hybridised with aultipriaed 
32 P=lueiferase pr@be (the !Hindm=BaaHl fragaent of pasVL) „ 
Fellewing hybridisation overnight, the final Ha@a of the 
aeabrane was with 0o2X sse containing @ 0 5fc §9S at 68 °C. 
Kodak fila was exposed to the aeabrane for 45 hours at 
10 =70 °e. 

USS* * Jf ara auteradiograa of a Southern blot having a 
saaple pattern as follows? * a 

Lane is 9„95 ng of undigested pSiSVL plassid 
15 Lane 2 s 0.05 ag of BasHl digested o&SVL 
Lane 3s Blank 

Lane 4 s SamHl digest of EXRT supernatant froa control 
siuscl® 

Lane 5 s BamHl digest ©f cellular mm froa eentrol, 
20 uninjected ausele ' 

Lanes 6,7s i BwO digest of supernatant froa two 

• • different pools of pSSVL injected auseles 

Lanes 8,9s BaaHl digest ©f cellular »m froa two different 

. Fools ©2 PSSVL injected ausel® eiisxerene 

25 Lane io s Cellular m& (saae as Lane 9) digested with BaaHl 

Lane lis Cellular DM (Saae as in Lane 9) digested with 

BaaHl and ESbel 
Lane 12s Cellular DMA digested with BgZXZ 
30 Lane 13 s HXRT supernatant digested with SeXZX 

(Sa.se aarkers (A/HindXXS) are shorn at the left) „ 

Southern blot analysis of ausel® ®m indicates that 
the foreign pKSVL W8& is present within the ausele tissue 

35 for at least 30 days (Figure 4, lanes 6=9 ) and is similar 
to the levels of m& present in auscle two and 15 days 
following injection, Xn ausele 9H& digested with Saaffil 
(which cuts pKSVL once? Figure 4, lanes 6=9}, the presence 
of a 5,6 kb band that corresponds to linearised pssVL 

40 (Figure 4, lane 2) suggest that the m& is present either 
in a circular, estraehroaoseaal fora or in large tandea 
repeats of the plasaid integrated into chr©aos©ae 0 % n 
ausele Mh digested with Bglll (which doe® not cut prsvl) , 
the presence of a band saaller than 10 kb (Figure 4, lanes 
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12 and 13) and at the same size as the open, circular form 
of the plasmid pRSVL (Figure 4, lane 1) implies that the 
DNA is present extrachromosomally in an open, circular 
form. The appearance of the pRSVL DNA in HIRT superaatants 
5 (Figure 4, lanes 6, 7, and 13) and in bacteria rendered 
ampicillin-resistant following transformation with HIRT 
supernatants also suggest that the DNA is present 
unintegrated. Although the majority of the exogenous DNA 
appears to be extrachromosomal, low levels of chromosomal 

10 integration cannot be definitively excluded. Overexposure 
of the blobs did not reveal smears of hybridizing DNA 
larger than the 10 kb that would represent plasmid DNA 
integrated at random sites. The sensitivity of the pRSVL 
DNA is muscle to DPNI digestion (Figure 4, lane 10) and its 

15 resistance to Mbol digestion (Figure 4, lane 11), suggests 
that the DNA has not replicated within the muscle cells. 



20 



30 



35 



EXAMPLE 15: IN VIVO EXPRESSION OF PURE DNA IMPLANTED 
DIRECTLY INTO THE MUSCLE OF MICE 



pRSVL DNA was precipitated in ethanol and dried. The 
pellet was picked up with fine forceps and deposited into 
various muscle groups as described in the preceding 
examples. Five days later the muscle was analyzed for 
25 lucif erase activity as described in Example 13. The DNA 
was efficiently expressed in different muscle groups as 
follows: 

Implant: Lucif erase Activity (Light Units. LUJ • 
25 „g pRSVL DNA Control Biceps calf ^SkJSL 



Biceps calf Quadr iceps 

428 46420 27577 159080 

453 53585 34291 35512 

1171 106865 

53397 105176 

499 40481 



EXAMPLE 16: DIRECT GENE DELIVERY INTO LUNG: INTRATRACHEAT 
40 INJECTION OF DNA, DNA/CL C0MPIJ5XES «f5w^ 

PROTEIN 
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2he wsh lueiferas© vector (pSSSVL) , ©oaplexsd with 
Lip©f®ctin a , was injected intratracheal^ into rat® ©ithar 
in 20% sueros© (2 rats) or in 50 sucrose (« rats) . Tw© 
days following th© injection, th® rat lungs w®r® dividsd 
5 into 7 sections? HJL, LLL, ssjl, essl, m,, (defined as 

follows) and Trachea. Th® rat lung differs fr@® that of 
the human in having on® large laft lung off the left sain 
brenehus. The l@ft lung for this study was eut in half 
into a left upper part (Wh) and laft lower part 

10 she right lung ©ontains -3 lobes? right eranial lobe (mi,} , 
right aiddl® l@h® («3L) , right l@w®r l@b® ((sot), and an 
accessory lobe (M,). Extracts \s®r® prepared by Mincing 
th©s© lung parts into s©parat® 1.3 al aierotubss containing 
200 pi of a lysis solution {20 aS2 Tri®, pH 7.4, 2 mS3 E3gei 2 

15 and o.lft Triton X), and grinding the lung with a plastic 
pestl®. (Kontes) for @n© ainut®. in ©rd®r to ensure 
eoaplete disruption of the lung ©alls, th® lung tissue was 
then placed under 600 psi of gj 2 in a Parr boab at 4°e for 
15 minutes before releasing th® pressure. Xaaeiferas® 

20 assays w@r® dene on 87.5 pi of lung ©sstraet out ©f a total 
volume of about 350 pi, 

injection SDL m m m m E Trachea 

25 ~~ ~~ " 1 • ■ , — .... 

Mock 22.6 
25 pg Qm alone 21.2 
25 pg DMA ®l@n® 21.7 

™ !!2 * 9 Dm al@n ® 23U7 — * 22. S 22.0 §2 3 

30 250 pg ®m al@n® 22. 9 22.5 « 23.0 25^ 24 3 21 s 
250 pg » alon® 21.8 21.5 25U8 20.4 2CK7 20 8 S"5 

25 pg on/a. 20.8 22.2 is.® 22.3 Sli IS:! 2Qo J 

25 pg DNA/CL 22.! 

35 25 pg tm/CL 20.9 20.9 20.9 20.6 20.3 - 5*5 

25 pg DWei, 19.8 20.0 20.3 20.2 20.1 20.3 20 1 

2*IrTi SL 29og 2 °° 5 "' 8 M ' 8 



32S10 4 l.u. 
Blank 22.5 



22 0 4 


21.9 


21.3 


20.1 


3.9 oi 


21.5 


21.8 


21. 6 


21.9 


25Lo2 


21.4 


21.3 




22 0 2 


21. S 


S3 0 2 


21.9 


2®.§ 


22.6 


22 0© 


22.5 




23.0 


25.4 


24o3 


21.5 


21.8 


20.4 


20.7 


2@oi 


22 0 2 


19. 6 


22.3 


22 0 3 


22o@ 


22 0 0 


22 0 7 


21.7 


22©§ 




23 0 3 


22.1 


23.9 


22 0 8 




20.9 


20.9 


20.6 


2@o3 




20.0 


20.3 


20.2 


2©ol 


2@o3 


20.5 


19.8 


19.5 


19 .9 


29o© 


77.1 


98.7 


80.0 


@<So3 


89oS 



178.9 



W 5 d !tL Y &lu ® @ ar ® ^os® 2er ®a animal that r®ceiv®d 25 «er 

SJ^Lf® °° 3 , al l° % s " cs?os ® th® esophagus, (a saapll 

containing only water yialds 22.5 l.u.) F 
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25 jtg DNA alone: represent separate animals that received 
intratracheal injections of 25 pg of pPGKLuc in 0.3 ml 20% 
sucrose. 



25 pg DNA/CL: represent separate animals that received 

J?S5SSS5S a }. 1 ^ 3 ? Ct J 0 2; ° f 25 Mg of P 1 ^^ 0 complexed with 
jjiporectin in 0.3 ml 5% sucrose. 

10 The above animals were sacrificed and lung extracts 
prepared 2 days after injection. 9 wrcracts 

Luc Protein 10 4 l.u.: represents an animal that received 
1R J?® * < 2 uiv * 1 «^ of 30,000 light units (l.u.) of purified 
SwSlced 8e (Si9na) ' ™* **** wa * Mediately 

The luciferase activity in the 25 P g DNA alone and the 
25 nq DNA/CL groups of animals were not greater than that 

20 in the mock animal; however, in the 250 ny A , 1nna 
animals, three lung sections showed small but reliably 
elevated l.u. activity above control lung or blanks (Bold, 
underlined). Duplicate assays on the same extract 
confirmed the result. Experience with the LKB 1251 

25 luminometer indicates that these values, although just 
above background, indicate real luciferase activity. 



EXAMPLE 17: LUCIFERASE ACTIVITY IN MOUSE LIVER 

DIRECTLY INJECTED WITH DNA FORMULATIONS 



The DNA luciferase expression vector pPGKLuc was 
injected intrahepatically (IH) into the lower part of the 
left liver lobe in mice. The pPGKLuc DNA was either 
injected by itself (450 Mg DNA in 1.0 ml 20% sucrose) or 

35 complexed with Lipofectin" (50 pq DNA + 150 pg Lipofectin" 
in 1.0 ml 5% sucrose). Three days following injection, the 
left liver lobe was divided into two sections (a lower part 
where the lobe was injected and an upper part of the lobe 
distant from the injection site) and assayed for luciferase 

40 activity as described in the preceding examples. 
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S^SS" 5 ^««.«*ctivity (Lightunlts. „, 

5 Blank (20.2 LU) 

control: 20% Sucrose Only 20.8 23 o 

50 M g pPGKLuc + Lipofectin 35.4 

50 pPGKLuc + Lipofectin 38.1 tt' J 

50 M g pPGKLuc + Lipofectin 22.1 tt't 

10 450 „g pPGKLuc 43J7 ll'l 

450 pg pPGKLuc tEb 

450 M g PPGKLUC 21^7 \ \'\ 

Two of the three animals that received the pure 
15 pPGKLuc injections and two of the three animals that 
received pPGKLuc + Lipofectin* injections had luciferase 
activity significantly above background (bold, underlined) 
The lower part of the liver lobe, which was directly 
injected, had larger amounts of luciferase activity than 
20 the upper part, which was distant from the injection site. 
Similar results have been obtained using pRSVCAT DMA 
expression vector and CAT assays. Luciferase activity was 
not detected three says after similar preparations of 
PPGKLuc (+ and - Lipofectin") were injected into the portal 
25 circulation of rats. 
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EXAMPLE 18: EXPRESSION OP GROWTH HORMONE GENE 
INJECTED INTO LIVER AND MUSCLE 



Mice were injected with the px<SH5 (metalothionien 
promoter-growth hormone fusion gene) ( Selden Richard et 
al " Molec, Cell pjol, 6:3173-3179 (1986)) in both liver 
and muscle. The mice were placed on 76 mM zinc sulfate 
water. Later the animals were bled and the serum analyzed 
for growth hormone using the Nichols GH Kit. 
A. Two mice were injected with 20 „g of pXGH5 gene 
complexed with 60 „g/ml of Lipofectin in 5% sucrose, one 
ml of this solution was injected into the liver and the 
40 ventral and dorsal abdominal muscles were injected with 0.1 
ml in 7 sites two times. Two days later, the animals were 
bled. The serum of one animal remained at background 
level, while that of the other contained 0.75 ng/ ml growth 
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hormone. 

B. Three nice were injected with O.l ml of l mg/ml of 
PX6H5 in 5% sucrose, 2x in the quadriceps, lx in the 
hamstring muscle, lx in pectoralis muscle, and lx in 
5 trapezoid muscles on two separate days. The results were 
as follows: 



10 



15 



20 



35 



Animal No. G rowth Hormone (ng/ml) : Day l Day 2 

J 0.6 0.6 

* 0.8 i.o 

_ , , 0.95 0.8 

Background: 0.5 ng/ml 



EXAMPLE 19: ANTIBODY PRODUCTION IN MICE DIRECTLY INJECTED 
WITH A GENE FOR AN IMMUNIZING PEPTIDE 
Mice were injected with a quantity of 20 pq of a 
plasmid construct consisting of the gp-120 gene, driven by 
a cytomegalovirus (CMV) promoter. The DNA was injected 
into the quadriceps muscle of mice according to the methods 
described in Example 11. Mouse 5 (Figure 5A) was injected 
25 in the quadriceps muscle with 20 P g of plasmid DNA in 
isotonic sucrose. Mouse 2 (Figure 5B) was injected with 
sucrose solution alone. Blood samples were obtained prior 
to the injection (Day 0) at the times indicated on Figure 
5, up to more than 40 days post injection. The serum from 
30 each sample was serially diluted and assayed in a standard 
ELISA technique assay for the detection of antibody, using 
recombinant gp-120 protein made in yeast as the antigen. 
Both Igc and IgM antibodies were detected as indicated in 
Figure 5. The study indicates that the gene retains its 
signal sequence, and the protein is efficiently excreted 
from cells. 



EXAMPLE 20: ANTIBODY PRODUCTION IN MICE INJECTED WITH 
40 CELLS TRANSFECTED WITH A GENE FOR AN 

IMMUNIZING PEPTIDE 



The cell line BALB/c CI. 7 (TIB 80) was obtained from 
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the American Type Tissue culture Collection. These cells 
were transfeeted with the gp~ 120 g @n e construct described 
in Example 19. To 0.75 al optlonf (Gibco. Inc.) were 
added Sol ^g of m&o The quantity of 30 «g of cationic 
s liposomes (containing Dorm and cholesterol in a 70g3 o 
molar ratio) were added to another 9.75 al 0ptW o 
mixtures were combined and 1.5 al of ©ptismF containing 
200 (vA) 2®tal bevin® calf sot was added. This solution 
was poured into a so as plastic petri dish containing §0% 

10 confluent ©ells (approximately one million total cells per 
plate). A t 3.2 hours after lipofeetion, the sells were 
detached from the plate with trypsin and sbta treatment, 
washed with optiW and resuspended in 0.1 ml ©ptiW 
with 10% fetal calf serum. These cells were injected (IP) 

15 into mice. Mouse 12 (Figure SA) was injected with the 
transfeeted cells. JSouse 21 (Figure SA) received an 
identical number of untransfected cells. Blood samples 
«ere obtained prior to the injection (Day 0) aad at the 
times indicated in Figure s. The serum samples *ere 

m processed as in the preceding example. Both SgG and 2gM 
antibodies were detected as indicated in Figure s. 



35 SBM V£ T^sSr^C.^Tx^ " 
T*o different DMA templates were constructed, both of 
which code for the synthesis of jma that express the e 
coll. /9-galactosidase reported gene. A Lae-2 gene that 

30 contains the Kosafe consensus sequence *ras inserted in place 
©f the lueiferase coding sequences ©f the p0©&ue/j©A 
template to generate the p0©Lac2/9GA a template. ^ 
pSSSCLaeZ^SAsj template was made by replacing the 9' £~gl©bin 
untranslated sequences of pfGLacZfSAjj with the ssa bp 

35 SeoRl/E?eol fragment from the encephalomyocarditis virus 
(SS3CV) (plSLTOO in Farks, g 0 @ t al., S0S37S-3S4 
(1986). These me 9» untranslated sequences had previously 
been sho^n to be Able to initiate efficient translation in 
vlt?o in reticulocytes lysates. m demonstrated that these 
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sequences can also direct efficient translation when 
transfected into fibroblasts in culture. The percentage of 
blue cells was slightly greater in cells transfected with 
the uncapped EMCLacZ/?GA n RNA than in cells transfected with 
5 the capped pEMCLacZ/?GA n RNA. Transfection with cither 
uncapped or capped pEMCLacZ£GA n rka yielded a greater 
number of positive /»-galactosidase cells than transfection 
with capped £GLacZ£GAn RNA. it has recently been shown 
that this EMC 5' untranslated sequence, as a component of 
10 vaccinia-T7 polymerase vectors, can increase translation of 
an uncapped mRNA 4 to 7-fold (Elroy-Stein, O. et al., Proc. 
Natl. Acafl, — Scj, ?Sft 86:6126-6130 (1989). These EMC 
sequences thus have the ability to direct efficient 
translation from uncapped messengers. 



15 



20 



EXAMPLE^: T7 POLYMERASE TRANSCRIPTION IN TRANSFECTED CELL 



An SV40-T7 polymerase plasmid containing T7 polymerase 
protein expressed off the SV40 promoter (Dunn, J. et al., 
Sana. 68: 259 (1988)) was co-lipofected with the 
pEMCLacZ£GAn template ONA into 3T3 fibroblasts in culture 
to demonstrate that T7 polymerase transcription can occur 
25 via plasmids. Two different SV40-T7 polymerase expression 
vectors were used: 

(a) pSV-Gl-A: pAR3126-SV40 promoter driving expression of 
T7 polymerase protein which is directed to the cytoplasm. 

30 (b) pSVNU-Gl-A: pAR3132-SV40 promoter driving expression of 
T7 polymerase protein which is directed to tee cytoplasm. 
Each of these two plasmids were co-lipofected with 
pEMCLacZ^GAn at 1:3 and 3:1 ratios into a 60 mm plates of 
3T3 cells. The number of blue 0-galactesidase cells were 

35 counted and scored as indicated below. 



40 
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£-gai 

template 
0GLacZ0GAn 



Ratio: template/ 
polymerase vector 

3:1 
1:3 



Co-Lipofectant: 
pSV-Gl-A pSVNU-Gl-A 



EMCLacZ^GAn 



3:1 
1:3 



0 
0 

74 
45 



1 
1 

70 
15 
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^^MPLE 23: EXPRESSION OP LtJCIFERASE IN BRATW ^tt™ 
DIRECTED INJECTION OF MESSENGER RNA BRAIN F °LLOWING 

Two adult mice and one newborn mouse were injected 
with the /»gLuc/9gA n mRNA containing the 5' cap and prepared 
according to Example 13. in the adult mice, injections 
were from a stock solution of mRNA at 3.6 „g/ M i in 20% 
sucrose; injection volumes were 5 „1, 2 injections into 
each of the bilateral parietal cortex, 4 injections per 
mouse Tissue was assayed at 18 hours post injection, 
according to Example 13 using 200 „1 of brain homogenate, 
disrupted in a Parr bomb, and 87.5 „1 was taken for assay. 
The results are as follows: 



Treatment 



Animal I.d. 




The newborn mouse was injected with 1 M l /?gLuc*oA„ 
(3.6 /.g/ M l; 20% sucrose) into the bilateral *2rPv«..<.. ^ 
tissues were similarly processed iiJ T iVly?ed. ^ 



Treatment 



Animal i.d. 




a plasnid containing th. dystrophin gene under control 
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of the Sous' Sarcoma virus promoter was prepared fros the 
Xp21 plasmid containing ths complete dystrophia coding 
region and the SV40 poly, & segment, which was cloned by 
Kunkel and colleagues, (Brumeister SSonaee ©illard 
5 SF, van Ommen sr, Affara bj&, Fergus©n=Smith Kunkel xaj, 
Lahraeh Ho A 10=megabas© physical map ©f human Xp21, 
including the Duehenn© muscular dystrophy gene. ©®n©®ics 
1988 Apr 2 (3) s 189=292? Hoffman, 1? smd Kunkel, m 
Dystrophin abnesaaalities of Duehenn© "s/Beeh®r muscular 
10 Dystrophy o BJeuren Vol. 2, 1019-1029 (1989)? Koenig Kt,, 
Monaco &P, Kunkel X£2, Eh® eompl®t® sequence ©f dystrophin 
predicts a red=shaped eito=skeletal protein. Call a.988 
Apr 22, §3 (2)§219°26) 200 ug of the plasmid in 100 ul ©f 
phosphate buffered saline was injected into the quadriceps 
15 the mutant souse strain lacking the dystrophin gen© product 
(MDX mouse? Jackson labs). Expression ©f functional 
dystrophin was monitored 7 days post injection by immuno= 
histochemistry according to the procedures described by 
Catkins ©t al, and using the same anti=dystrophin antibody 
20 (anti=so kd antibody with a fluorescent secondary antibody) 
obtained from Kunkel, Functional expression ©f the 
dystrophin gene product in the dystrophic mice was detected 
by comparing the pattern of fluorescence observed in cross= 
sections ©f quadriceps muscle from injected animals, with 
25 the fluorescence pattern observed in normal animals, 
(Catkins s,e,, Hoffman E,P„, siayter H.§,, Kinkel L.Ei,, 
Immunoeleetron microscopic localisation of dystrophin in 
myofibres, Mature 1988, Jun 30? 333 (617S.8S3=6) , Normal 
dystrophin ©agression is localised underneath the plasma 
membrane ©f the muscle fiber, so that a cross section ©f 
the quadriceps musel® giv® a fluorescence pattern 
©neireling the cell, in addition dystrophin expression was 
quantitated by Western blot analysis using the affinity 
purified anti=S0kd antibody. 
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EXAMPLE 25: ADMZNSTRATION OF THE CORRECTING DYSTROPHTM rvm? 

5££££ mBCt * OF ^ ™ 

5 Patients with muscular dystrophy are given multiple 

200 ug injections of plasmid containing the functional 
dystrophin gene (see previous example) in 100 ul of 
phosphate buffered saline. While under light anesthesia 
the patients are injected at 5 cm intervals into the entire 
10 skeletal muscle mass directly through the skin without 
surgery. Patient recovery evaluated by monitoring twitch 
tension and maximum voluntary contraction. m addition, 
biopsies of 300-500 muscle cells from an injected area are 
taken for histological examination, observing muscle 
15 structure and biochemical analysis of the presence of 
dystrophin, which is absent in patients with Duchenne's 
muscular dystrophy. Respiratory muscles, including the 
intercostal muscles which move the rib cage and the 
diaphragm, are particularly important impaired muscle 
20 groups in patients with muscular dystrophy. The 
intercostals can be reached by injection through the skin 
as can the other skeletal muscle groups. The diaphragm can 
accessed by a surgical procedure to expose the muscle to 
direct injection of plasmid DNA. 

There will be various modifications, improvements, and 
applications of the disclosed invention that will be 
apparent to those of skill in the art, and the present 
application is intended to cover such embodiments. 
Although the present invention has been described in the 
context of certain preferred embodiments, it is intended 
that the full scope of these be measured by reference to 
the scope of the following claims. 



WO 90/1 1092 



-76- 



PCT/US90/0151S 



WHAT TS CTATMim Tq. 

1. A pharmaceutical product, comprising: 

5 naked polynucleotide, operatively coding for a 

biologically active polypeptide, in physiologically 
acceptable administrate form, in a container; and 

a notice associated with said container in form 
prescribed by a governmental agency regulating the 
10 manufacture, use, or sale of pharmaceuticals, which 

notice is reflective of approval by said agency of 
said form of said polynucleotide for human or 
veterinary administration. 

2. A pharmaceutical product, comprising: 

15 naked polynucleotide, operatively coding for a 

biologically active peptide, in solution in a 
physiologically acceptable injectable carrier and 
suitable for introduction interstitially into a tissue 
to cause cells of said tissue to express said 

20 polypeptide; 

a container enclosing said solution; and 
a notice associated with said container in form 
prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, which 

25 notice is reflective of approval by said agency of 

manufacture, use, or sale of said solution of 
polynucleotide for human or veterinary administration. 

3. The product of claim 2, wherein said peptide is 
immunogenic and administration of said solution to a human 

30 serves to vaccinate said human. 

4. The product of Claim 2, wherein said peptide is 
therapeutic and administration of said solution to a human 
in need of therapy relating to said polypeptide has a 
therapeutic effect. 

35 5. A pharmaceutical product, comprising: 

naked antisense polynucleotide, in solution in a 
physiologically acceptable injectable carrier and 
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suitable for introduction interstitially into a tissue 
to cause cells of said tissue to take up said 
polynucleotide and provide a therapeutic effect; 
a container enclosing said solution; and 
5 a notice associated with said container in form 

prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, which 
notice is reflective of approval by said agency of 
manufacture, use, or sale of said solution of 
10 polynucleotide for human administration. 

6. A pharmaceutical product for treatment of 
muscular dystrophy, comprising: 

a sterile, pharmaceutically acceptable carrier; 
a pharmaceutically effective amount of a naked 
15 polynucleotide operatively coding for dystrophin in 

said carrier; and 

a container enclosing said carrier and said 
polynucleotide in sterile fashion. 

7. The product of claim 6, wherein said 
20 polynucleotide is DNA. 

8. A pharmaceutical product for use in supplying a 
biologically active polypeptide to a vertebrate 
comprising: ' 

a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for said 
polypeptide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

means associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue 
whereby cells of said tissue can take up and express 
said polynucleotide. 

9. The product of claim 8, wherein said container is 
35 a syringe. 

10. The product of claim 8, wherein the amount of 
said polynucleotide in said container is at least 5 
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micrograms. 

11. A pharmaceutical product for use in immunizing a 
vertebrate, comprising: 

a pharmaceutical^ effective amount of a naked 
5 polynucleotide operatively coding for an immunogenic 

polypeptide; 

a sealed container enclosing said polynucleotide 
in a sterile fashion; and 

means associated with said container for 
10 permitting transfer of said polynucleotide from said 

container to the interstitial space of a tissue, 
whereby cells of said tissue can take up and express 
said polynucleotide. 

12. The product of Claim 11, wherein said container 
15 is a syringe. 

13. The product of claim 11, wherein the amount of 
said polynucleotide in said container is at least 5 
micrograms. 

14. a pharmaceutical product, comprising: 

20 a Pharmaceutical^ effective amount of naked 

antisense polynucleotide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

means associated with said container for 
25 permitting transfer of said polynucleotide from said 

container to the interstitial space of a tissue, 
whereby cells of said tissue can take up said 
polynucleotide. 

15. Dse of naked polynucleotide operatively coding 
30 for a physiologically active polypeptide in the preparation 

of a pharmaceutical for introduction interstitially into 
tissue to cause cells comprising said tissue to produce 
said polypeptide. 

16. use according to Claim 15, wherein said 
35 pharmaceutical is for introduction into muscle tissue 

whereby muscle cells produce said polypeptide. 
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17. use according to Claim 15 , wherein said peptide 
is dystrophin and said pharmaceutical is for treatment of 
muscular dystrophy. 

18. Use of naked antisense polynucleotide in the 
5 preparation of a pharmaceutical for introduction 

interstitially into tissue of a vertebrate to inhibit 
translation of complimentary polynucleotide in cells of 
said vertebrate. 

19. A method for delivering a pharmaceutical or 
10 immunogenic polypeptide to the interior of a cell of a 

vertebrate in vivo, comprising the step of: 

introducing a preparation comprising a 
pharmaceutical^ acceptable injectable carrier 
and a naked polynucleotide operatively coding for 
15 said Polypeptide into the interstitial space of a 

tissue comprising said cell, whereby said naked 
polynucleotide is taken up into the interior of 
said cell and has an immunogenic or 
pharmacological effect on said vertebrate. 
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